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Milk yield in cattle is known to vary both between and within 
breeds. It is now well recognised that part of this variation is 
genetically controlled, the number of genes involved is usually assumed 
to be large. Most studies have shown that some of the improvement in 
individual milk yields of the modern dairy cattle has been genetic in 
origin (Schmidt and Van Vieck, 1974). Nevertheless, it is generally 
agreed that the improvement through breeding is less than the actual 
potential that exists (Report on Dairy Cattle Breeding .in Scotland, 
1976; Report of the Agricultural Research Service, USDA, 1976). 
Low heritability (0.2 - 0 .3) of milk yield and the long generation 
interval of cattle are two of the factors responsible for the slow 
progress. But, as Van Vleck (1976) has discussed low accuracy and 
intensity of selectipn are equally, if not, more important reasons. 
He points out that the greatest potential gain (65%) from bull selection 
is not achieved because the sex limited nature of the trait limits the 
accuracy of male selection. This is caused largely by the use of 
biassed records in the choice of females to be mothers of young bulls. 
Progeny testing, facilitated by artificial insemination, has 
made possible a more accurate evaluation of bulls. The advantages 
of greater accuracy, however, are partly offset by the addition of 
a further two years, on average, to the generation interval (Handel 
and Robertson, 1950). This increase in generation interval could 
reduce genetic progress by 309/6  from the optimum (Van Vleck, 1976). 
This also makes the method expensive. The cost to the English Milk 
Marketing Board per bull selected is estimated to be in the region of 
£40,000/= (Milk Marketing Board, 1977). 
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The passage of a considerable period of time before recognising 
the production potential applies to females as well. Nearly a third 
of the milking females is ultimately culled for low production. Yet 
they cannot be identified as such until they are at least 2 years old 
(Report of the Agricultural Research Service, USDA, 1976). 
It would, therefore, seem that the ability to (i) identify 
lactation potential early in life and (2) make direct assessment of 
males may increase the chances of making more rapid gains in the 
future. With.females such a facility will enable early decisions 
on culling thereby making the system more efficient. With regard 
to bull selection although it is unlikely to be as accurate as the 
Contemporary Comparison method, such a test will enable the preselection 
of male calves to be subjected to progenytesting. Consequently the 
available testing facilities could be put into more efficient use 
leading to a reduction in the cost per unit improvement. 
1.1 Biochemical variants and milk production 
The advantages to the industry from effective criteria for early 
identification of the genetic potential for a given production trait 
could be considerable. It is, therefore, not surprising that much 
research effort has been and continues to be directed towards exploring 
this possibility. The possible utilization of biochemical variants 
for the purpose attracted the attention after the early work of Briles 
(196) on poultry blood groups. The investigations were mainly aimed 
at seeking correlation between easily identifiable marker genes and 
traits of economic importance. 
With regard to milk production the earlier work concerned blood 
groups and the variants of the serum protein - Transferrins (Tf). 
These have been reviewed by Rendel (1967). Although clear associations 
were demonstrated between the different genotypes for these features 
and their milk yield, there appeared to be a lack of consistency across 
populations. Variants of milk protein (Aschaffenberg and Drewry, 1957; 
Thomson and Farrell, 1974) and of certain enzymes such as serum amylase 
(Spooner, Naz'umder, Griffin, Kingwell and Wilson, 197; Griffiths and 
Banks, 1976) form some of the other polymorphic factors studied in this 
context. The results of these studies too were often conflicting. 
Furthermore, a factor such as milk protein cannot be useful in the 
early identification of lactation potential. Neither will it help 
in the direct assessment of males unless combined with artificial 
induction of lactation in bull calves, -  
Evidence to date, therefore, indicates that the attempts to-
find correlations between these single gene factors and milk yield 
have not been successful. Milk yield is presumably influenced by 
genes at many .loci. It is, therefore, not surprising that no 'useful 
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relationship operational through linkage or pleiotropy is evident. 
Studies by Neiman-Sorenson and Robertson (191) and Smith (1967) 
considered biochemical polymorphism in terms of the size of the actual 
contribution the relevant loci make to the additive genetic variance 
of the trait in question. Considered in this context too, it is now 
clear that none of the above biochemical variants offer much promise 
in selection for milk production. For example, the contribution by the 
Tf locus is estimated to be about 41/6 (Robertson, 196). 
1.2 Use of physiological variation 
The possibility that variation in quantitative physiological 
traits may be used as predictive criteria for production traits has 
been considered recently. Land (1974) discussed the use of such 
criteria towards improving the rate of response to selection for 
reproductive performance. The principle, as outlined by him, is to 
identify the physiological components limiting the output, and the 
utilization of genetic variation, if any, in such components towards 
maximising the oiIIput. Thus studies were made of variation in 
endocrine parameters associated with differences in ovulation rate in 
sheep (Land, 1974; Bindon and Turner, 1974; Land and Carr, 1979; 
(urke 
Hanrahan, and Go.$)r9, 1977). In pigs, variation in leanness was found 
to be associated with lipid mobilising factor activity (Standall 
Vold, Trygstad and Foss, 1973). Recently Pidduck and Falconer (1978) 
presented evidence for variation in growth hormone activity as being 
partly responsible for the genetic differences in growth rates in two 
strains of mice. Essentially similar ideas could be pursued for many 
other production traits including lactation. Norwegian workers have 
established a relationship between thyroid gland activity in bulls 
and their breeding values for milk yield (Joakin?ssen, Steenberg, Lien 
and Theodorsen, 1974). 
The effective use of apred.ictive trait in a selection programme. 
will depend on (i) the ability to measure it (ii) existence of genetic 
variations and (iii) its genetic relationship with the production trait 
in question. 
As will be discussed in more detail in the next Ohapter milk 
production is greatly influenced by the activity of a variety of 
endocrine glands as well as by energy metabolism. It may, therefore, 
be possible to detect variation in milk production through variation 
in these processes. Although genetic variation, usually, has been 
looked at as it affects the final expression of the trait, it may 
well be that the crucial genetic variation affects only a few of the 
many steps in the whole process which turns food into milk (Robertson, 
1966). 
As part of a more general investigation of the subject, it was 
decided to study 
I 	the genetic variation within a population of one of the 
hormones controlling energy status. Thyroxine was chosen 
for this purpose particularly because of 
the evidence for its association with both energy 
metabolism and milk production, 
it is known to have a relatively long half life (7 days) 
compared to other hormones and the blood levels remain stable 
for considerable periods of time (see Review by Sterling and 
Lazarus, 1977). 
In view of the knowledge that it may be fruitful to study the 
feed-back components of a control system a study was also made of 
II 	the variation in certain metabolites in peripheral blood 
between animals of high and low dairy merit. 
In view of the limited time available the first part was conducted 
on mice, while dairy calves were used for the second. 
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CHAPTER 2 
REVIEW OF LITERATURE 
As an introduction to a discussion on the physiological attributes 
likely to be rate limiting to milk production, it seems necessary to - 
outline the prevailing theories about the development and physiology 
of the mammary gland. 
2.1 Mammary development and Physiology of lactation 
According to Cowie and Tindal (1971) the first documented review 
of literature on the anatomy and physiology of the mammary gland has 
been that by Von Hailer (1765). Although the 18th and 19th centuries 
saw a vast amount of research bing carried out, most of the knowledge 
on lactation physiology has accumulated only over the last 60 years, 
and generally coincided the expansion in the field of endocrinology. 
A number of comprehensive treatments on various aspects of the subject 
have been published in recent years (Kon and Cowie, 1961; Cowie and 
Tindal, 1971; Falconer, 1971; Larson and Smith, 1974; Baldwin and 
Plucinski, 1977). Following is an outline of the current thoughts on 
mammary development and function in the cow based largely on the works 
quoted above. 
2.1(a) Development of mammary tissue 
Morphogenesis of the mammary structure takes place in the early 
stages of fetal development. At birth, however, the gland is very 
rudimentary. 	Until puberty the growth of the mammary tissue is isometric 
(same rate) with the rest of the body. An allometric (faster than) 
phase of alveolar and lobular growth sets in at the onset of puberty. 
A waxing and waining of the growth process associated with sexual 
cycling has been observed. Further growth and differentiation take 
place during pregnancy and well into the immediate post partum period. 
[;] 
The epithelial cells begin to be functional towards the end of 
gestation. Growth and development of the mammary gland is under 
the influence of a variety of hormones as illustrated in Figure 2.1. 
Although some mammary- secretory activity is recognisable towards 
the end of gestation, a sudden shift from non-lactation to lactation 
occurs only at parturition. This "triggering-on" of lactogenesis 
is also under hormonal control. The primary hormones required appear 
to be prolactin, cortisteroids and Insulin together with a relative 
absence of progesterone. 
2.1(b) Biosynthesis of milk 
It is now well established that the major solid constituents of 
milk such as lactose, milk proteins and fat are synthesised in the 
mammary epithelial cells from precursors drawn from the blood. In 
summary, the major materials taken up by the gland 
in the fed ruminant are glucose, acetate, amino acids, lipoproteins, 
triglycerides and beta hydroxybutyrate. Under conditions of dietary 
energy deficit there is a reduction in the uptake of glucose and 
triglycerides and an increase in the uptake of free fatty acids. - 	- 
A liner relationship was reported by Linzell (1971) between 
mammary blood flow and milk yield. This may imply a relationship between 
the availability of precursors and the milk yield. It is now recognised, 
however, that the synthesis of lactose plays the key role in the regulation 
of the secretion of the liquid fraction of the milk. Accordingly, 
lactose in the alveolar lumen produces an osmotic pressure which 
enables the passage of water from blood. 
The rate of uptake of nutrients by the gland may influence milk 
secretion not only through precursor:product relationship but also 
by altering the supply of substrates for the production of energy required 



























MAMMARY CELL PROLIFERATION 
tin 
Figure 2.1. Summary of known factors affecting mammary cell proliferation. CNS,central nervous 
system; 	FSH, follicle-stimulating hormone; 	LU, luteinizing hormone; 	ACTH, 
adrenocorticotropic hormone; TSH, thyroid-stimulating hormone; GH, growth hormone. 
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for the synthetic processes. 
2.2 Energy Control and lactation 
From the preceding section it becomes clear that the supply to the 
gland of substrates, to provide both matter and energy for milk synthesis 
and secretion, is critical for efficient production. Meeting these 
requirements can be a tremendous challenge to .a high yielding dairy cow. 
A generalised schematic illustration of the pathways of utilisation 
of energy is given in Figure 2.2. Nutritional studies have shown that 
the high yielding cows preferentially divert a greater proportion of 
their energy towards milk production while the low yielding animals 
use more for tissue growth. Broster, Broster and Smith (1 969 ) studied 
in 80 Friesian heifers, the effect of milk production of two fixed 
levels of intake at two stages of lactation. One important observation 
they made was that on average 1kg milk containing 0.184kg total solids 
was produced by the higher yielding animal from the same nutrients which 
the low yielder converted to 0.117kg body tissue. 
On the grounds that supply of energy would be rate limiting, it 
would appear that the provision of adequate energy will ensure high milk 
production. 	It is, however, commonly observed that this cannot be 
achieved during early lactation (MacDonald, Edwards and Greenhalgh, 1973). 
As a result most cows mobilize their own body reserves to provide the 
energy necessary for milk production with consequent loss in body weight 
(Broster et al 1969; Hart et al 1 978 ). 
	The average daily loss of tissue 
substance in a group of high yielding Friesian cows was estimated to be 
equivalent to 0.72kg fat (Flatt, Moe, Munson and Cooper, 1969). 	- 
The work of Broster et al (1969) showed that mobilization of body 
reserves are critically important in determining whether a cow achieves 
her peak yield or not. There is a strong positive relationship of peak 
GROSS ENERGY 
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ENERGY 	 METABOLISABLE 
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( FOR .)° 
Figure 2.2. The partition of food energy in the lactating animal 
(modified from McDonald et al, 1973). 
12 
yield with the total yield (Schmidt and Van Vieck, 1974). A drop of 
each kg in peak yield is estimated to result in a drop of about 200kg 
in total yield (MacDonald et al, 197). 
Thus it is apparent that the following two phenomena are important 
in determining the milk yield: 
I Diversion of dietary energy towards milk production, 
II Ability to make good any energy deficit for milk 
production by mobilizing body reserves. 
Also associated is yet another aspect of the whole process of 
lactation, namely the influence of the endocrine system. This particular 
aspect of the subject has recently been reviewed by Bines and Hart (1978). 
It is thought that most hormones influence lactation through both direct 
action on the mammary tissue as well as indirectly through their effects 
on the general metabolism. Thus it is postulated that, at least a 
part of the variation in milk yield may arise from inherent variation 
in endocrine activity which in turn may make some individuals more 
capable of channelling towards milk production, the energy of both 
dietary and body reserve origin. 
The remainder of the chapter will be devoted to the examination 
of the evidence for genetic variation in the above mentioned attributes 	- 
with particular reference to their association with variation in milk - 
production. 
2.3 Genetic Variation in the partition of energy 
Genetic variation in biochemical processes has long been recognised. 
It is of interest to note that the investigations in this area actually 
antedate the rediscovery of Mendel's laws. Garrod's studies on 
alkaptonuria were started in 1899 (Hutt, 1964). The classical work 
of Beadle and Tatum (1941) with Neurospora provided at early stages 
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further evidence for genetic variation in biochemical processes and 
formed the basis of the conceptof biochemical individuality. The 
genetic basis of the latter operates through the quality and quantity 
of proteins produced under the direction of the gene complement, and 
the types and amounts of substances elaborated under the control of 
these proteins. Individuality in the biochemical realm is exhibited 
in the tissue composition, body fluids, enzyme levels in cells, 
quantitative needs for specific nutrients etc. (Stanbury, Wyngaarden 
and Fredrickson, 1960). 
From these it will be seen that the genetic variation in energy 
partition, an, aspect of energy metabolism, introduces no new concept. 
The evidence for its existence in higher animals, however, stems 
mainly from studies of abnormal metabolic states. They involve 
conditions resulting from simple Mendelian inheritance of recessive 
alleles, and have been discussed by Harris (1969) for man and by Hutt 
(1964) for laboratory and domestic animals. 
Although no information is available from genetic analyses of 
quantitative variation in the partition of energy, considerable work 
has been done, for a long time, in a related area - namely genetic 
variation in gross feed efficiency for different productive purposes. 
Genetic selection for feed conversion efficiency has been carried 
out successfully in laboratory animals (Palmer et al 1946; Sutherland 
et al 1970; Yuksel, 1978) and in pigs (Dickerson and, Grimes, 1947). 
The results from studies at pig testing stations in the United Kingdom 
have revealed the heritability of Feed Conversion efficiency to be 
around 0.3 - 0.4 (Fken, 1971). Mason (1971) has reviewed a massive 
amount of data on efficiency of live weight gain in cattle, most of them 
revealing between breed differences. Heritability estimates of 0.4 - 0.5 
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have been reported for feed required per unit live weight gain from 
a number of within breed studies in beef cattle (Preston and Willis, 
1974). 
Freeman (1975) provides a comprehensive review of literature on 
the genetically determined differences in feed utilisation for milk 
production. The heritability of gross feed efficiency generally 
defined as the ratio of fat corrected milk to feed units consumed is 
estimated to be around 0.3 - 0.5. 
Studies on gross feed conversion efficiency, however, do not take 
account of the relative amounts of protein and fat deposition in the 
case of growth and the degree of body reserve mobilization in the case 
of milk production. In addition, variation in digestive efficiency, 
maintenance requirements and heat production are other areas likely 
to contribute towards variation in FCE. 
In cattle and sheep we do have good evidence that the digestive 
efficiency does not differ greatly among animals. This derives from 
the works of Bla.xter and Wainman (1966) and Hanson et al (1953). There 
is some evidence to the contrary to suggest that Zebu cattle are better than 
European cattle in digesting high roughage diet. (Ashton, 1962). Never-
theless, t1e general agreement is that genetic differences in the ability 
to digest feed are of no practical significance (Robertson, 1975; 
Warwick and Coles, 1975). Genetic differences in maintenance requirements 
have been demonstrated to exist (Blaxter and Wainman 1966; Taylor and 
Young, 1968; Vercoe, 1970). 
Apart from these there is also evidence for the presence of 
considerable genetic variation in the way digestive energy is diverted 
to different metabolic pathways. The congenitally obese (ob/ob) mice 
and Zucker rats are known to differ markedly in the way they partition the 
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retained energy between heat, protein and fat compared to their normal 
lean counterparts at the same age and metabolizable energy (NE) intakes 
(Pullar and Webster, 1977; York et al 1978). 
Genetic differences in the partitioning of ME between production 
of lean and fat have been revealed also from studies on correlated 
responses to selection for body weight (Fowler, 1958; Tijnon, Eisen 
and Leatherwood, 1970; Hanrahan, Hooper and McCarthy, 1973). 	Selection 
for high body weight usually results in fatter animals (Roberts, 1979). 
Most such experiments, however, have been carried out under ad lib 
feeding. In contrast, the mice resulting from selection for high 
body weight under restricted feeding (Falconer and Latyzewski, 1952) 
were less fat even when reared under ad lib feeding. This again 
would imply that the selection pressure has been on genes controlling the 
partition of energy. 
Monteiro (1975) fitting a mathematical model to establish a 
functional relationship amongst food intake, weight gain and body 
composition concluded that the difference in efficiency between 
Friesian and Jersey heifers over the same age correspond to breed 
characteristics of size, degree of maturity and rate of fat deposition. 
Standal, Vold, Trygstad and Foss (1973) by genetic selection based 
on an index combining growth rate and backfat-thickness have developed 
two lines of pigs with remarkable differences in their ability to lay 
down lean tissue or fat. 
Energy balance studies with lactating dairy cows have been conducted 
in some laboratories (Flatt et al 1969). Although these are basically 
nutritional studies individuals have been seen to vary in utilisation 
of energy for milk production. 
Thus, there is conclusive evidence, stemming mainly from growth 
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and carcass analyses, that there are genetically determined metabolic 
differences in utilisation of digestive energy leading to marked 
differences in product composition. Unfortunately, the differences 
in.physiological and biochemical mechanisms by which one animal lays 
down more fat and another more lean are almost completely unknown. 
The description by Payne, Dew, Manston and Faulks (1970) of a 
metabolic profile test as an aid in the diagnosis of production diseases 
in cattle, probably represents an important step in the development of 
another approach to the study of genetic variation in metabolic processes. 
The test is based on an assessment of the levels of certain metabolites 
in the peripheral blood, the combination of which is defined as an 
animal's metabolic profile. 
Metabolite levels in blood will reflect the balance between the 
rates of 'input' and 'output', but are subject to variations caused by 
a variety of factors. Herd. effects, reflecting husbandry, nutrition 
and health conditions, effects of season, production levels and prandial 
status form some of the major sources of variation (Rowlands, 1976). 
In addition, the concentrations of most metabolites in blood have been 
shown to be under some genetic control (Wiener and Field, 1971; Rowlands, 
1974; Kitchenham and Rowlands, 1976; Freeman et al 1978; Stark, Rowlands, 
Manston and McClintock, 1978). These studies have generally been based 
on samplings at infrequent intervals ranging from 1 week to 3 months. 
Yet, individual animals were found to maintain characteristic levels 
of their own, after accounting for all known non-genetic sources of 
variations. From half-sib analyses of variance it has been shown that 
about 25, 32 and 700/6 respectively of the individual variation in blood 
urea, glucose and total protein levels was under additive genetic control. 
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These no doubt will in turn reflect genetic differences in the rates of 
certain metabolic pathways. 
2.4 Genetic Variation in Endocrine Activity 
The illustration in Figure 2.3 shows a generalized scheme of 
hormone synthesis and action applicable to most endocrine systems. 
Shire (1976) in his extensive review of literature discusses how 
genetic variation may affect all of these different components of the 
system, from differentiation of specialized cells to the sensitivity 
of the tissues on which the hormone acts. Reports on the subject of 
"endocrine genetics" mostly refer to variation due to single gene 
mutants resulting in congenital defects often leading to pathological 
conditions. 
A classical case of primary endocrine defect caused by single gene 
mutation is illustrated by Snell's dwarf (dw/dw) mice. The primary 
defect is recognised to be a lack of growth hormone synthesising cells 
in the anterior pituitary, although, there is also evidence that these 
animals are also hypothyroid (Bartke, 1979). Ames dwarf (df/df) which 
evidently are deficient in growth hormone, prolactin and thyroid hormones 
(Bartke, 1979) and Obese (ob/ob) mice those islets of Langerhans are 
greatly enlarged with a resulting defective carbohydrate metabolism 
(Ingalls et al 1950) are two more of the commonly known hereditary 
hormone deficiencies. Congenital goitres in man (Stanbury, 1972) and 
in sheep (Falconer, 1966) provide further examples. 	 - 
the 
In contrast,litérature contains only a few reports of studies on 
the quantitative inheritance of endocrine parameters. This may largely 
be due to the difficulties likely to be encountered with, for instance, 
blood levels of hormones compared to studies with other quantitative 
















Pig. 2.3. A generalized scheme of endocrine development activity, with - 
the possible stages(*) where genetic variation may be present 
(modified from Shire,1979). 
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Development of techniques of sufficient sensitivity to detect them is 
rather new. Secondly, levels of some hormones undergo diurnal, seasonal 
or cyclic variations. In addition endocrine systems are known to be 
interlocked, and the body tends to homeostasis through feedback mechanisms. 
One or all of these could contribute to experimental error. 
The few experimental approaches to the genetic basis of quantitative 
variation has been limited to comparisons of existing genetically 
distinct groups. The demonstration by Thimonier, Pelletier and Land (1972) 
of a difference between two breeds of sheep in plasma luteotropic hormone - 
(Lu) levels was one of the first of such studies. These results received 
the support from subsequent studies (Bindon and Thrner, 1974; Hanrahan, 
Quirke and Gosling, 1977). But, the latter studies also indicated 
complications caused by breedx age interactions. They, therefore, 
emphasise the care necessary in the designing of-studies of variation in 
a rapidly changing situation. Plasma LII level is known to fluctuate 
rapidly due to pulsatile release. The correlation between successive 
LII measures is reported to be 0.12 (Carr and Land, 1975) and that between 
measures at two ages - 4 and 8 weeks - is 0.04 (Hanrahan et al, 1977). 
More recently, there have been reports of breed variations in plasma 
levels of follicular stimulating hormone (FSH) (Findlay and Bindon, 1976). 
Again, as with LII, age effects and consequently age x breed interactions may 
be possible. 
In the search for a technique to overcome the problems due to 
fluctuating -, blood levels of LII Land and Carr (1979) pursued an alternative 
component of the same hormone system, namely the response to exogenous 
luteotropin releasing factor in sheep. Results indicated differences 
between breeds in the release of LU, and further it was also seen that 
this was a more consistent trait. 
ri 
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Inbred strains of mice differ in several parameters of thyroid 
function estimated from follicular cell height (Barry and Kennaway, 
1937), radio-iodine (1311) uptake rate (Chai, Amin and Reineke, 1957) 
and protein bound iodine (PBI) levels in blood (Silverstein, Sokoloff, 
Mickelson and Jay, 1960). Similar differences have also been shown 
in other species (see Shire, 1979). 
Plasma thyroxine levels, measured by radio immuno assay, have been 
shown to differ among strains of mice (Stewart, Batty and Harkiss, 1978) 
and of rats (Feuer, 1 969). 
The trait examined by Joakimssen. (197 1 ) was the rate of 
degradation of thyroxine. They found significant between animal 
variation and-between sire group differences. No heritability estimate 
was made but the repeatability ranged from 0.36 to 0.87 for bulls in 
four stations. 
There .are a few reports of selection for a particular aspect of 
thyroid activity. The trait commonly used was the rate of radio iodine 
uptake. In mice (Chai, 1970) after 10 generations of two way selection 
there was a 4 fold difference between lines achieved almost completely 
through rapid response in the !high' line. The low line, after some 
initial response, remained unchanged. The realised heritability was 
0.49 for 'high' and practically zero for the 'low' line. This marked 
asymmetry of response was attributed to natural selection in the low 
line. But, that would leave the rapid response in the 'high' line 
unexplained, for natural selection would be expected to work towards 
maintaining a biological optimum. 
This section of the review has described the analysis of several 
examples of genetic variation in endocrine systems. The best 
authenticated have been cases of pathological variation. QL=titative 
genetic analyses have only recently been made possible, and limited to 
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between breed or strain differences. A particularly notable feature is 
the multitude of components that could be examined in regard to any 
particular endocrine system. Such approaches are necessary in view 
of the complexities of the endocrine function. 
- 2.5 Endocrino-metabolic status and milk production 
The effects of the activities of the different endocrine glands on 
lactation have been investigated using both stimulation and suppression 
techniques. 	These have been reviewed by Neites (1961), Cowie (1961) and 
Larson and Smith (1974). Pituitary, thyroid, endocrine pancreas and the 
adrenals are the glands that have been mostly examined. Both pituitary 
and thyroid have shown to be essential for milk production, and exogenous 
supply of growth hormone and thyroid hormones have been found to stimulate 
lactation. Results with other hormones have generally been inconclusive. 
With exogenous supply of hormones, however, complications arise because 
of the homeostatic mechanisms of the body causing a suppression of the 
internal production of the hormone. The response may also vary according 
to the pretreatment level of production. The results will, therefore, 
have to be interpreted in the light of these possibilities. 
In recent years interest has been shown in looking at the quantitative 
relationships between levels of hormones and metabolites in peripheral 
circulation with milk production. Initial contributions in this area 
were made by Hart et al (1975). They found significant positive 
relationships of growth hormone, -hydroxybutyrate and free fatty acid 
- levels with milk yield while the relationship of insulin and glucose with 
milk yield was negative. Essentially similar results were reported by 
Miller, Chigaru., Downie, Galbraith, Macdonald and Topps (1978), from a 
survey involving.a number of dairy herds. In addition, they found milk 
yield to be related negatively with prolactin levels and positively with 
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urea nitrogen levels. The latter agreed with Kitchenham and Rowlands 
(1976) who also found a positive correlation (r = 0.39) between blood 
urea and milk yield, but was contrary to the negative relationship 
reported by Thompson, McDonald and Warren (1978). 
Concentrations of thyroid hormones in blood of lactating cows have 
been studied in relation to their production levels. The results are 
conflicting. 	Cowie (1976) and Hà.rt et al (1978) found no difference 
between groups of cows that differed greatly in milk yield. Shoda and 
Ishi (1977), however, have reported a significant positive correlation 
(r = 0 .7) between the two traits. A negative relationship was reported 
by Hewett (1974). 
Thyroid hormone levels are lower in the lactating cows compared to 
when they are not lactating (Heitzman and Nallinson, 1972; Lorscheider 
and Reineke, 1972; Johke and Hodate, 1977; Hart.etal 1978). 	This is 
perhaps the result of increased peripheral utilisation of the hormone for 
the increased metabolism associated with lactation. This interpretation 
is supported by the finding of Convey (1974) that thyroxine levels were 
lower in early compared to later stages of lactation, but the levels of 
Thyroid Stimulating hormone (TSH) were not affected by the stage of 
lactation. 
A further point about thyroid hormones is that what is measured in 
the blood is the total amount - both bound and unbound to plasma proteins. 
But, the active form is only the free hormone. The possible variation 
in the ratio of free:bound fractions could be one explanation for the 
conflicting results. 
The situation with regard to thyroid hormones highlight the problems 
of interpretation of the results of measurements made during lactation. 
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The principal question is whether the observed level is the cause or the 
effect of the level of production. Such studies, therefore, are better 
carried out on animals whose physiology is uncomplicated by gestation or 
- lactation and the findings related to their future or past milk production. 
In this context, the studies of Stark et al(1978) and Osmond (1979) are 
interesting. The former examined the metabolic profiles of the bulls 
undergoing progeny testing and found a positive correlation (r = 0.24) 
between blood urea levels and the ICC values of the bulls. In Osmond's 
study, he found that the Friesian bull calves released more insulin when 
fed compared to Hereford x Friesian. This may be related to the variations 
in the lactation potential of the two breeds. His studies on growth 
hormone activity did not show any breed difference. 
Bolander, lJlberg and Fellows (1976) showed a significant relationship 
between plasma levels of placental lactogen in cows during later stages of 
pregnancy with the production level in the ensuing lactation. This is of 
no use as a predictive, criterion because it is measurable only just prior 
to the actual lactation. It would, however, be interesting to find out 
which of the genotypes - that of the dam or the foetus would determine 
the amount of hormone. 
We clearly need to know a great deal more about endocrino-metabolic 
status as it affects the lactation capacity. The limited number of 
observations reported here suggest that such investigations would be 
profitable. A predisposition towards being a high producing cow, or 
a bull with a superior breeding value for milk production seems to be 
accompanied by a characteristic endocrine and metabolic profile. 	We 
have to aim at detecting such characteristics while the animals are young. 
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DIRECT AND CORRELATED RESPONSES TO 
SELECTION FOR PLASMA THYROXINE LEVELS IN MICE 
The influence of heredity in detenninirg at least a part of the 
variation in endocrine activity has long been recognised. The experimental 
evidence was reviewed briefly in the previous chapter. Although they 
show that genetic variation exists, the literature is short of reports 
-co snow wna-u propoctioi1 Ul i't Jti xie rrl,auie. 
The work described in this chapter is a quantitative genetic analysis 
of one aspect of thyroid activity primarily aimed at assessing to what 
extent the variation in plasma thyroxine levels among individuals is 
attributable to additive gene action, and whether it is possible to 
manipulate the trait.by selective breeding. 
Thyroid hormones are necessary for the normal growth and development 
of mammals. They are also known to regulate energy metabolism and to 
influence the process of lactation. If any genetic relationship is 
demonstrable between hormone levels and milk production or growth, it 
could have implications to animal breeding. Thus these "correlated 
production traits" were also examined. They were: 
I 	Mothering ability of which lactational performance is an 
important component. This was estimated from the total 
weight at day 12 of a standardized (to 8 mice) litter 
(Falconer, 1947; Hanrahan and Eisen, 1974 . Two 
supplementary traits, namely growth rate of the litter 
from day 5 to day 12 (Cowie and Tindal, 1971) and weight 
gain of the nursing dams (Nagai and Sarkar, 1977) were, 
also examined. 
II 	Individual weights at 3, 6 and 9 weeks of age. 
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MATERIALS AND METHODS 
Genetic Stock 
The experiment was carried out at the ARC Unit of Animal Genetics, 
Edinburgh, using mice from a strain (known as ) of nixed origin. The 
details about the derivation of the Q. strain and the replicated selection 
for body size using it are given by Falconer (1973). Briefly, six 
replicates (labelled A to F) were developed from the random bred Q. 
strain. Each replicate had a line selected for high, another selected 
for low body weight at 6 weeks of age and a third unselected control. 
A new line designated Q,CX was developed subsequently by crossing 
four of the six replicates of the control line. Since its establishment 
the line (Q,Cx) has been maintained with 25 single pair matings every 
generation with, as far as possible, equal family representation. Mice 
from the 14th  generation of the QCX line formed the foundation stock of 
the present study. 
Breeding and Selection 	 - 
One hundred and twenty two single pair matings were made to constitute 
the generation 0. From these 112 litters were reared. They were ranked 
according to the plasma thyroxine content of their sires. The top 
ranking 20 litters were chosen to form the bases of the two lines (Till and 
TH2) selected for high plasma thyroxine. The bottom ranking 20 litters 
were chosen to form the bases of the two lines (TL1 and TL2) selected 
for low thyroxine. In both 'high 2 and 	selection the families 
were divided approximately equally between lines selected in the same 
way thus making the latter as alike as possible in origin. The middle 
ranking 24 litters were chosen to. provide the base for the single 
control (TO line. A male or a female was chosen from alternate 
LTABILE. 3.1. 	Schematic illustration of the formation and the maintenance of tae 
experimental lines of mice. Number of selected males in parentaeses. 
GENERATION 
0 1 2 
1.3 4 . 1 5 6 7 LINES 
32 	(8) 32 32 32 32 20 20 TH1 
32 32 32 32 	
(10)  32 	(6) 20 20 TR2 
112 	12 12 12 12 18 20 -- 20 TO 
litters 
32 32 	(10) 32 32 	
(10)  32 20 20 TL1 
(8) 32 32 32 32 	
(10) 32 - 20 -- 20 TL2 
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litters making a total of 12 males and 12 females. The derivation of 
the different lines and the subsequent maintenance of them are illustrated 
in Table 3.1. 
From here onwards each line was maintained as a closed population. 
They were reared contemporaneously, so that the environment was uniform 
across lines; Each selected line was maintained with 32 single pair 
matings per generation up to generation 5. This was reduced to 20 in 
generation 6. The unselected control line was maintained with 12 single 
pair matings up to generation 4, increased to 18 in generation 5 and to 
20 in generation 6. 
Within each line matings were at random, but sib matings were 
deliberately avoided. The 32 pairs of parents in each generation per - 
line came on average from 9 matings selected from the previous generation. 
With approximately equal contribution per family the effective, population 
size was 18 with a theoretical rate of inbreeding of 2.7% per generation. 
In practice, however, inbreeding was likely to be higher mainly due to 
some degree of assortative matings observed. 
Matings were made at 9 weeks of age. Two weeks later when a 
substantial number of females was assumed to be pregnant, the males 
were removed and blood samples collected. Pairing of males and females 
before sampling was necessary, for animals had to be sacrificed for 
bleeding. The mean age of sampling of males was 77±3 days. 
Males only were scored. This was because: 
I 	plasma thyroxine level in adult females is known to be affected 
by the stage of the oestrus cycle. 
II bleeding of females would have been possible only at the later 
age of about 19 weeks after weaning the young. 
2e 
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The litters produced in each line were ranked according to their 
sir&s thyroxine score. The number of top (from each of the lines Till 
and T112) and bottom (from each of the lines TL1 and TL2) ranking litters 
which would yield 32 males and 32 females per line were selected. The 
members of these litters formed the parents of the subsequent generation 
Individual selection was preferred, for it is recognised to yield the 
most rapid response in many circumstances (Falconer, 1960). The control 
line was maintained by breeding at random, but ensuring that all available 
families contributed to the matings. 
Feeding and Management of mice 
Mice were reared in metal cages, the bottoms of which were lined 
with sawdust. Food (a standard cube diet) and drinking water were 
available ad libitum at all times. 
Litters were weaned at 3 weeks of age; they were then reared with 
5 or 6 mice of one sex to a cage often by mixing litters born on the same 
or sucóesive days. 
The temperature in the mouse house. was maintained at 22±1 °C. 
Lighting was not controlled. 
Bleeding 
A minimum volume of 2004 of plasma was required in the sample cup 
to perform one assay each of T4 and T3. This meant that at least 5004 
of blood had to be obtained per mouse. The only reliable way of 
achieving this was to bleed from the heart after sacrifice. Thus only 
a single measurement of each of T4 and T3 was possible per mouse. In 
the generations 5 and 6, however, an attempt was made to sample each 
mouse twice - once from the tail and the second time from the heart. 
This was partially successful. 
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Tail bleeding was carried out from a small incision made with a 
clean scalpel blade on the ventral side about 1cm. from the root of 
the tail. Blood was collected' into heparinized haematocrit tubes 
(Hawksley Ltd.). 
Bleeding by cardiac puncture was performed after etherizing the 
mouse and opening the thoracic cavity. Blood was withdrawn from the 
chambers of the heart, gaining access through the wall of the left 
ventricle with a hypodermic needle (26G ") fitted to a imi. disposable 
syringe (Beckton-Dickson). The inner surface of the syringe barrel 
was coated with heparin (1:5000)  in normal saline. The vdlume of blood / 
withdrawn per mouse ranged from 600 to 8004. 
Plasma was separated within two hours of bleeding by centrifugation 
at 3000 r.m.for 15 min. at +4°C and stored in 0.5ml. polystyrene cups 
(Sarstedt) at -200C until assay. 
Bleeding in all instances was done between 0800 - 1100 hours.. 	- 
Measurement of hormone levels 
Estimation thyroxine (T4) and Tri-iodo-thyromine (T3) in plasma was 
done using radio iimnuno assay (RIA) method. A description of the assay ,  
methods and their validation is given in the Appendix I. 
Other measurements 
Weights were recorded on the day of birth (LWO), at 5 days (LW5) 
and 12 days (Lw12) of the whole litters that were standardized to 8 
young within 24 hrs. of birth. Those with less than 8 were augmented 
with spare young, when available, from other litters born on the same 
day. 
Dams were weight recorded on the day of parturition (NWO) and day 
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12 (D'M12) post partum. 
Individual weights were recorded at the time of weaning - 3. weeks, 
and then at 6 and 9 weeks. Since the discarding of the unselected 
litters was done at weaning, usually a much smaller number (those 
selected plus 10-15 more per line) only were scored at 6 and 9 weeks. 
Compared to the number scored at 3 weeks. 
All weights were recorded to the nearest tenth of a gram, and 
weighing always made between 1500 - 1800 hrs. 
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Response to Selection 
Generation-line means of plasma thyroxine levels with their 
standard errors are given in Table 3.2, and illustrated graphically in 
/ 
	
	Figures 3.1 and 3.2. The means showed considerable fluctuation from 
generation to generation. The parallelism of these fluctuations 
indicated an environmental effect that was common to all lines. 
Selection was effective in that it caused a clear divergence 'of 
the selected lines on either side of the unselected control line. Least 
square analysis of variance showed the line effect to be significant 
(Po.00i) in 5 out of- the 7 generations. 	Contrasts made by 't' tests, 
however, indicated the differences (High-Control) and (Low-Control) to 
be significant (P-o.oi) only in generations 1, 5 and  7. 
It will be recalled that the lines selected in the same way (Till, 
TH2 and TL1, TL2) had the same origin and were generally consistent in 
their changes over the generations. Therefore, it was decided to use 
Th1+TH2 	TL1+TL2 , 
the means of the lines selected in the same way 	2 	
and 	2 
designated 'high' and 'low' respectively for all comparisons. 
Assessment of the response in absolute terms was made difficult 
by the variability of the generation means. The response, therefore, 
was estimated: 
I. 	from the deviation of selected lines from the control line 
II 	from the divergence between the 'high' and the 'low' lines. 
The estimates of response thus obtained are presented in Tables 
3.3 and 3.4 respectively, together with the selection differentials in 
each generation. The latter was weighted by the number of progeny 
contributed by each selected male, although the variation in family 









% Overall Mean Till T112 TC TL1 TL2 HIGH 	J L)W 
0 69.1 ± 1.7 
1 47.9+1.1 51.1 52.1 47.4 44.2 44.8 51.6 44.5 7.1 14.8 
2 60.8 ± 1.9 60.8 60.5 60.9 55.8 65.0 60.6 60.4 0..2 03 
3 53.4 ± 1.7 55.6 55.6 52.0 .47.0 55.5 55.6 51.2 4.4 8.2 
4 57.7 ± 1.2 57.0 59.3 55.4 50.9 52.6 58.2 51.7 6.5 11.2 
5 62.9 ± 1.3 68.2 67.9 62.6. 56.7 59.1 68.1 7.4 10.7 17.0 
6 64.6 ± 1.3 70.3 68.7 63.8 59.4 60.7 69.5 (0.1 9.4 14.5 
7. 60.1 ± 1.2 67.3 66.5 59.7 54.0 55.1 66.9 
r45 12.4 20.6 
Common s.e. 2.52 2.32 3.81 2.30 2.30 
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HIGH 	 LOW 
Weighted Weighted 
Generation s.d. Response 	- S.E. s.d. Response 	- S.E. 
0 28.0 4.2 	3.12 20.1 2.9 	3.12 
1 14.5 -0.3 	3.35 19.6 0.5 	3.35 
2 20.7 3.6 	3.57 16.4 0.8 	3.57 
3 25.2 2.8 	3.77 15.9 3.7 	3.77 
• ç9 - -. - 
5 17.6 5.7 	4.14 148 3.7 	4.14 
6 17.8 7.2 	4.31 13.5 5.2 	4.31 
Table 3.3. 	Selection differential and Response ± S.E. 





H-L ± S.E. 
0 48.1 7.1 	3.45 
1 34.1 0.2 	3.59 
2 37.1 4.4 . 	3.74 
3 41.1 6.5. 	3.87 
4 31.6 10.7 	4.00 
5 32.4 9.4 	4.13 
6 31.3. 12.4 	4.27 
Table 3.4. 	Selection differential and Response S.E. 
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Figure 3.2. Generation-linemeans of plasma thyroxine (T4) for Thi ( 	) 
Th2( - ), TM( 0 ) and TL2( 	) as deviations from the 
-. 	control. 
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Figure 3.3. Generation-line means ofplasma T4 for combined 'high' ( 	) 
and combined 'low' ( 0 ) as deviation from control. 
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Figure 3- 4. Divergence (H-L) in plasma thyroxine level plotted 





From these Tables it can be seen that the response was 
highly variable. The approximate standard errors presented take account 
of thevariance due to random drift accompanying selection, and calculated 
using the formulae of 'Uill(1971 and 1972). A considerable response was 
apparent to the initial round of selection. Response to further 5 
generations of selection, however, was comparatively small. This was 
puzzling. The picture may agree with what would be expected if the 
trait was determined by the segregation at a few, or even, a single locus, 
and selection led to the fixation of the gene. But even if plasma 
thyroxine level was determined by one or a few genes, fixation cannot be 
expected to occur so early, since selection was done only in one sex. 
The observed pattern of response, therefore, was probably due to 
sampling effects. In this situation the regression lines fitted to 
the points will give the best estimates of the mean response per generation. 
The lines were passed through the origin (Figures 3.3 and  3.4). The 
resulting regression coefficients (b) are given in Table 3.5. Approximate 
standard errors were calculated using the formulae for 'the variance in 
response to selection (Hill, 1971 and 1972). 
Regressions of 	' b ± 	S.E. 
Response in 'high' line/Generation No. 0 .988+0. 68 
Response in'low' , line/Generation No. -0.755±0.68 
Divergence (H-L)/Generation No. 1.74 ± 0.55 
Table 3.5. Regression of response to selection 
for plasma thyroxine (deviation from 
control or high-low divergence) on 
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Figure 3.5. Response (deviation from control) of plasma P4 
on cumulative selection differential, for combined 
thj&Jt ( 	) and 'low' ( o ). 
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The slopes of the regressions in either direction were not 
significantly different (F 110 = 0.178) from each other indicating 
no significant asymmetry in response. 
Realized heritability 
Estimates of realized heritability were obtained from: 
I 
	
	Regression of the response (deviation from control) in the 
thigh' and the 'low' line on the respective cumulative 
selection differential; and 
II 	Regression of the divergence (High-Low) on the cumulative 
selection differential. 
The regression lines were passed through the origin. The values 
for the regression coefficients (b) are given in Table 3.6. The 
approximate standard errors attached were calculated using the formulae 
of Hill (1971, 1972). 	The regressions are illustrated in Figs. 3.5 and 3.6. 
Realized 
heritability 
Regression of b ± S.E. h2 ± S.E. 
Response in thigh'/Cum. sel. diffl. 0.048 ± 0.02 0.096 ± 0.04 
Response in 'low'/Cum. sel. diffi. 0.043 ± 0.02 0.086 ± 0.04 
Divergence (high-low)/Cum. sel. diffl. 0.046 ± 0.02 0.092 ± 0.04 
Table 3.6. Regression of response on cumulative selection 
differential and estimates of realized 
heritability ± S.E. 
Since selection was done only on one sex these estimates will give 
one-half the realized heritability. 
estimates are given in Table 3.6. 
0.091 ± 0.04. 
Intra class correlation 
The appropriate heritability 
The combined estimate was equal to 
Least square analysis of variance showed the within line full sib 
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family effect to be marginally significant (P<0.05) in 3 of the 5 
generations studied. The between (o) and within (0 2)  full sub family 
variances and the intra class correlations (t FS)are  presented in 









t 	= FS 2 	o2 
b w 
1 40.6 175.3 0.18±0.09 
2 38.6 202.3 0.16 ± 0.10 
3 34.9 134.1 0.21 ± 0.09 
4 30.3 164.0 0.15±0.09 
5 15.2 225.0 0.0.7 ± 0.09 
Table 3.7. The full sib intra class correlations 
of plasma thyroxine levels 
There was a high degree of consistency across generations. This 
would imply that no change in genetic variation has occurred due to 
selection. 	The pooled estimate of tFS  was 0.15 ± 0.04. This gives an 
approximate heritability of 0.30 ± 0.08 which is almost three times the 
estimate of realized heritability, suggesting a significant influence of 
common environmental effects on the variation in plasma thyroxine 
concentration. 
Repeatability 
Data from generations 5 and 6 when measurements were made twice 
on each mouse at 24 hr. interval were used to obtain an estimate of 
repeatability. Product moment correlations were estimated and are 
presented in Table 3.8. The data for 5 week age comes from approximately 
equal numbers of males and females while those of 11 weeks represent only 
males. Since there was no significant sex effect (Table MO in 
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Appendix III) sexes were pooled. 
Generation Age (wk.) n Correlation (r) 
5 170 0.395 
5 
11 100 0.545m 
5 190 0.632*** 
6 
11 100 0.599* 
Table 3.8. Correlation between two measures of 
plasma thyroxine concentrations 	P<0.001 
The average estimate of repeatability was 0.54 indicating that 
on an average only 29% (r2 ) of the variation in the concentrations on 
one occasion was related to that of the other. 
Correlated response of the traits associated with maternal performance 
Three traits namely 12 day weight of a litter standardised to 8 
mice (Lw12), growth of litter from day 5 to day 12 (LG) and maternal 
weight gain (MG) from parturition to 12 days potpartum were examined 
under this category. 
Approximately 100/6 of the litters in every generation lost one or 
two young before day 12. Data from such litters were, therefore, 
corrected before analysis by multiplying by a factor 8/n where n = 
size of the litter. 
Data was analysed according to the following model: 
= i + A. + B + C(k) + () 	
+ e..ij 
where ijkm  = Observation on the mth individual (or the litter) in the 
ijkth sub class; = Overall mean, A 1 = Fixed effect of the i 
th  line 
(i = 1 .... 5), B = Fixed effect of the i th litter size at birth 
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Figure 3.7(a) Generation-line least square means of 12-day litter weight 
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Figure 3.6(a)  Generation-line least square means of litter growth 
from day 5 to day 12 for THi( • ), TH2( 	) 
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Figure 3.8(b) Generation-line least square means of litter growth 
for combined 2hi&i' ( • ) and combined 'ioP ( 0 ) 
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Figure 3.9(a) Generation-line least square means of maternal wt. gain 
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Figure 3.9(b) Generation-line least square means of maternal wt. gain 
of combined thight ( • ) and combined 'low' ( 0 ) as 
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(j = 1 .... 4), C(k)i = Random effect on the k. 
th 
 family within line, 
(AB).. = Line X litter size interaction with ijkm = Random error 
associated with each observation which has mean zero and variance 
The litter size at birth was-coded 1 L... 4 with 1 = 5/6, 2 = 7/8, 
3 = 9/10 and 4 ) 10 mice per litter. 
In the analysis of variance, Family/Line mean square was used 
as the error term to test the line effects while the other effects 
were tested against the remainder. 
The generation-line least square means of the 3 traits are 
- presented in the Tables Al, A2 and A3 in Appendix III. 	They are 
presented graphically in the Figures 3.7, 3.8 and. 3.9. 
In summary, the 'high' line litters grew faster from day 5 to day 
12 and were heavier at day 12 than those of the 'low' lines. The 
females of 'high' line gained more weight from -the day of parturition 
to day 12. However, analysis of variance showed the difference among 
lines in LW12 only to be significant consistently. Linear contrasts 
-done on the data of the last generation revealed that the differences 
(High-Control).and (Low-Control) in LW12 were statistically significant 
(P --0.01) while those of'the other traits were not. 
The differences between 'high' and 'low' lines in the 6th generation 
were equivalent to 9.6, 9.0 and 13.0% of the respective overall means of 
LW12, LG and MW. 
Average response 
The generation means of each of the 3 traits were regressed on the 
generation number, with the line passed through the origin. The 





LW12 LG NW 
High 
Low 
0.361 ± 0.079 
_0.298±0.071** 
0.131 ± 0.090 
-0.196±0.113 
0.132 ± 0.045 
1 	-0.009-i-0.120 
Table 3.9.. Regression coefficients of response. (deviation 
from control) in maternal traits on generation 
nuxnber.LW12 = 12 day litter weight, LG = litter 
growth from day 5 to day 12, NW = Maternal Weight 
gain day 0 - 12 postpartum. 
The slopes of these regression lines give the average change per 
generation in each trait as a result of selection for plasma thyroxine. 
The regression coefficients for LW12 in. both directions were significantly 
(<o.01) different from zero as revealed by 't' tests. 	(The standard error 
given in these cases do not take account 'of the drift variance). 
Correlated response of the 'traits associated with individual growth 
The traits examined in this category were; 
Individual weight at 3 weeks (w3 ) 
Weight' at 6 weeks (w6 ) 
Weight at 9 weeks 
The weight at 3 wk, the age at weaning, was included here for 
the convenience 'of presentation of the results. It must be borne in 
mind that maternal environment is known to contribute considerably to 
the variation of this trait in mice. 
The data was analysed using least squares procedure (Harvey, 1975) 
according to the following model: 
ijkm 
 =t+A.+B.+C 
1 	 (k)i + (AB). 3 + 
1 
th 	 ' 	th 
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Figure 3.16(a) Generation-line least square means of 3 wk. weights for 
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Figure 3.1C(b) Generation-line least square means of 3 wk. weights for 
combined 'high' ( 	) and combined tlowt ( 0 ) as 
deviation from control. 
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= Fixed effect of 
.th 
 line (i = 1 .... 5) 
= Fixed effect of 
.th 
 sex (j = 1 .... 2) 
= Random effect of kth  family within line 
(AB).. 
13 
= Line'X sex interaction 
ej.m 	= Random error tern associated with each observation 
with mean zero and variance 02. 
In the analysis of variance Family/Line mean square was used as 
the error term to test the line effect while, the other effects were 
tested against the error mean square. 
3 week weight 
The generation-line least square means of 3 week weights are 
presented in Table A4 in Appendix III. The means are illustrated 
graphically in Figure 3.10(a), and the deviations of the 'selectedt means 
from the ontrol' are plotted in Figure 3.10(b). 
The analysis of variance showed the line effect to be significant 
(P<0.05) in all 6 generations. The mean of the 'high' differed 
consistently from the mean of the 'low' lines. Linear contrasts on 
the last generation (6) revealed the differences (High-Control) and 
(Low-Control) to be significant (P<0.05). The divergence (High-Low) 
in weaning weight in generation 6 was equivalent to 9.6% of the overall 
mean. 
Least square means of generation-line sex sub class are given in 
the Table A5 in Appendix III. Male mice of the Q, strain are usually 
slightly heavier (4-59/6) than females at weaning (Falconer, 1973). It 
was, therefore, interesting to note . a progressive narrowing of the sex 
difference in weaning weights in the 'low' lines whereas it 'was being 
maintained in the 'high' and the 'control' lines. 
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Figure 301(a) Generation-line least square means of 6 wk. weight for 
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Figure 3.1'(b). Generation-line least square means of 6 wk. weihta for 
combined 'high' ( • ) and combined 'low' ( 0 ) as 
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Figure 3.12(a) Generation-line least square means of 9 wk. weight for 
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Figure 3.12(b) Generation-line least square means of 9 wk. weiht for 
combined 'high' ( • ) and combined 'low' ( 0 ) as 
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Weights at 6 and 9 weeks 
Least square means of 6 and 9 week weights are presented in 
Tables A6 and A7 in Appendix III. The generation means are plotted as 
absolute measures in Figures 3.11(a) and 3.12(a) and as deviation from the 
tcontrolt in Figures 3.11(b) and 3.12(b). 
Mice -from the'high' lines were found to be consistently heavier 
at both these ages. The differences in generation 6 of (High-Control) 
and (Low-Control) were significant (P< 0 . 05)- 
Average changes in individual weights 
Regressions of generation means on generation number are given 
in Table 3.10. 
Line 
Regression Coefficients (gms/Cen.) 
3 wk. wt. 6 wk. wt. 9 wk. wt. 
High 
Low ' 
0.096 + 0.016' 3 * 
-0.089,± 0.014* 
0.127 ± 0.058 
-0.040 ± 0.074 
0.131 + 0.025 
1 .0-043 ± 0.075 
Table 3.10.' Regression coefficients of response (deviation 
from control)' in individual weight traits on 
generation number. 
Based on 	tests, the slopes were found to be significantly 
different from zero in both directions for 3 wk. weight but only that 
in'thighl direction was significant for the weights at other ages. 
(The standard errors of the slopes, however, do not take account of 
the drift variance). 
The results indicated that selection for plasma thyroxine levels 
caused the development of lines divergent in individual weights at these 
3 ages. The difference, however, was lesser at later ages compared to 
-.f. 
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that at weaning. 
Phenotypic correlations 
The phenotypic correlations of plasma thyroxine level with each 
of' the other traits examined, estimated within lines,, are given in 
Table 3.11. Because of the general consistency across generations both 
the numbers of pairs of observations and the estimates of correlation 
were averaged over 5 generations. 	(Gen. 1 to 5). 
Correlated traits 






12 day litter wt. 115 0.123 
Litter growth 115 0.128 
Maternal wt. gain 115 -0.011 
3 wk. weight' 	, , 	 140 0.181* 
6 wk. weight 140 0.166 
9 wk. weight 140 	' 0.126 
T3 88 0.317 
* P<0.05 	*'P<0.01 
Table 3.11. -Correlations of plasma thyroxine level with the 
correlated traits estimated within generation-
line subclass and averaged over generations. 
The litter weight, litter growth and maternal weight gain were 
treated here as maternal traits. Thus the correlations refer to' those 
between the thyroxine level of a given male (x) with the postpartum weight 
gain of his (X's) daughter, and the growth and 12-day weight of the first 
litter produced by X's daughter. 
The correlations with weights at other ages refer to individual's 
thyroxine level with its own weight. 
The correlations were generally small. None of them involving the 
ri 
.432+0.004 
DIVERGENCE (M) .in T4 (ng/mi) 
6±0 . 06 
2 
DIVERGENCE (H-L) in T4 (zig/mi) 
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Figure 3.1(a) Divergence in litter weight plotted against the 
divergence in T4. 















Figure 3.13(c) Divergence in maternal weight gain plotted againat 
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Figure 3.1't3(e) Divergence 1n6wk weight plotted against the divergence 
in T4. 
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maternal traits was significant. Those involving individual weights 
were comparatively larger with the one with 3 week weight significant 
at 5% level. The significant positive correlation between thyroxine 
and T3 (r = 0 .32 ) was also noteworthy. 
Genetic regression 
In order to get an idea about the genetic relationship of the 
trait selected for, with the other traits examined, the divergence 
(nigh-Low) in each of the correlated traits was regressed on the 
divergence in plasma thyroxine levels. The regression lines were 
passed through the origin as illustrated in Figures 3.13 (a) to (f). 
Application of 't' tests showed the regressions involving litter growth 
and .maternal weight gain (Pczo.o5) and those involving 12 day litter 
weight and 3 week weight (P<o.00i) were significantly different from 
zero. 
Concentration of Tri-iodo thyroine (T3) 
Since T3 is the other major thyroid hormone, it was of interest 
to study the effects of selection for thyroxine on the plasma levels of 
T3. 
The generation-line least square means are ,given in Table AS in 
Appendix III, and illustrated .grphically in Figures 3.14(a) and (b). 
In general, a slightly higher level of T3was noticeable in the 'high' 
line, but the difference was mostly non-significant. The genetic 
regression (b = 0.013 + 0.008) too was not significantly different from 
zero (Figure 3.15). Thus, there is no strong evidence for a genetic 
relationship between the plasma levels of the two hormones. The 
phenotypic correlation (r = 0.32) was statistically significant (P.--0.01). 
- 
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Fig. 3.14(a) Generation-line least square means of plasma P3 
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Plasma thyroxine levels at 5 wk. age 
Selection in the present study was based on plasma T4 levels in 
males at 11 wk. age. In generations 5 and 6, however, measurements of 
thyroxine were also made in a sample of mice of both sexes from all 5 
lines at the age of 5 wk. The estimates were based on two blood samples 
taken 24 hr. apart,from each mouse. 
Data for the 2 generations was analysed separately according to 
the following model: 
X.ijkmnii + A. +B + C(k) + Dm + (AB) + (AD) im + E(n) ijk +ij 
where x 	= nth Observation within the ijkm subclass; 	= Overallijkmn 
mean, A = Fixed effect of the i th  line (i = 1 .... 5), B. = Fixed effect 
of the j 
th 
 sex (j = 1 .... 2).C(k) 
0= 
Random effect of the kthl  family 
within line, Dm = Fixed effect th 
fl)1Jk 	
mth sampling (m = 1 .... 2), 
= Random effect-of the n individual within line, sex and family 
(n =. 1 .... 2). 	 0 
In the analysis of variance family mean square was used as the error 
term to test the line effects, while sex and family effects were tested 
against individual mean square. The effect of sampling time was tested 
against the remainder. 
The least square means of T4 values for the different subclasses 
are presented in Table A9 in Appendix III. The ranking of the lines in 
both generations agreed with that observed at the later age (ii wk.) in 
the same generation. The difference between 'high' and 'low' lines was 
found to be significant only in generation 6. The other noteworthy 
features revealed from this analysis-were 
Lack off -a significant sex effect on plasma T4 levels -at this age 
An average intra class correlation of (0.54) between two measurements 
made 24 hrs apart. 
ZE 
Gonadal fat 
Measurement of the relative amount of gonadal fat was carried 
out on a sample of mice from each line in generation 7. This was 
an attempt to ascertain whether any changes have occurred in carcass 
composition. The age of measurement was 12 wk. Ten males and 10 
females from each line were scored. 
The least square means of gonadal fat of the different subclasses 
are presented in Table All in Appendix III. The estimates are expressed 
as mg/gin body weight. The 'high' line, had a significantly higher 
amount of fat in relation to body weight. Males had more gonadal 
fat than the females but there was also a significant line X sex 
interaction. 	 , 
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SUMMARY OF THE RESULTS 
1 	Two way selection for plasma thyroxine levels at 11 wk. age resulted in 
a divergence of the two lines. After 6 generations of 
:selection the divergence was equivalent to 20 0/6 of the overall 
mean. The average responses per generation were 0.99-and 
0.75 ng/ml in 'high' and 'low' lines respectively. 
The realized heritability was 0.09 ± 0.02. 	 - 
Heritability estimated from intra class correlation was 
0.30 + 0.08. 	 - 
Correlation between two measurements made at 24 hr interval 
was 0.54 + 0.02. 
Plasma thyroxine measured at 5 wk. age also showed differences 
between thigh? and. 'low' lines. 
There was no significant sex effect on the trait. 
- A positive correlated response was noted in 3 traits indicative 
of maternal characteristics, namely growth of litter from day 5 
to day 12, litter weight on day 1.2 and maternal weight gain from 
parturition to day 12 postpartum. 
Positive correlated responses were also observed in 3 traits 
associated with individual growth namely body weights at 3, 6 
and 9 weeks. The between line difference in body weights got 
narrower at later ages compared to that at 3 weeks. 
No genetic association was apparent between plasma levels of T4 
and T3. The phenotypic correlation was 0 .35. 
The weight of gonadal fat depot as a proportion of body weight 
measured at 12 weeks, was found to be higher in the 'high' line 
in both sexes. 
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DISCUSSION 
The observed mean plasma concentration of thyroxine and its 
variability (coefficient of variation = 26.70/6 in the base population) 
is in close agreement with those previously reported in mice of the 'Q' 1 
(York, Otto and Taylor, 1978) and of other strains (Stewart, Batty 
and Harkiss, 1978). 
The wide fluctuation of the generation means could be partly due 
to sampling variation, but more importantly it suggests that h1 
environmental causes have a considerable influence on the plasma levels 
of the hormone. Under natural conditions thyroid activity is known. 
to have a seasonal trend largely related to variations in the ambient 
temperature (see review by Werner and Nauman, 1968). The present 
results, however, did not indicate a systematic seasonal effect. Also, 
the changes could not have been related to room temperature because it 
was maintained constant. The changes were, therefore, more, probably 
related to some other factor such as feed quality or disease status. 
A strong dietary influence on thyroid activity is known (Eayrs and 
Williams, 1966). It is noteworthy, in this context, that the mean 
body weights too changed from generation to generation. 
The total response 'to six'generations of selection was small. 
The deviation between 'high' and 'low' lines in the last generation 
was 9.7 rig/mi which was equivalent to 20% of the overall mean, or 
twice the genetic standard deviations of the base population. 
There are no reported selection studies based on the blood level 
of any hormone. The present results could, perhaps be compared with' 
those of Chai (1970) who selected mice for high or low thyroid. activity 
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measured as rate of radio iodine ( 131  1) uptake. There is close 
agreement between the present results and those from the first 5 
generations'ofChai's study. The latter, however, was continued up 
to the 11th generation. A very rapid response was observed in the 
'high' line only, from generations 6 to 10, while the 'low' line 
continued to remain steady. Consequently, the realized heritability 
was 0.49 for the 'high' line and practically zero for the 'low' line. 
In contrast, the present estimate (0.09) was much lower. 
It must also be noted that the values in generations 5, 6 and 7 
were based on two measurements per individual. This is expected to 
reduce the variance and consequently, gain accuracy. Following 
Falconer (1960) variance of the mean of nt measurements(Vp) as 
a proportion of the variance on one measurement (Vp) can be expressed 
in terms of the repeatability as follows: 
VP 
 
(n) 	= 1 + r(n-1) 
VP 
where 'r' is the repeatability. For plasma thyroxine, with the estimated 
r = 0.54 the ratio is expected to be equal, to 0.77. This indicates that 
a worthwhile gain is possibleby repeated measurements. The realised 
ratio in the present study, however, was 0.88. The use of the mean 
of two measurements, perhaps, is the reason for the slightly greater 
response observed in generations 6 and 7.  
Correlated traits 
It was evident from the results that selection for plasma thyroxine 
had affected a number of other traits that were examined. There were 
consistent differences between lines in litter weight at day 12, litter 
growth from day 5 to day 12, maternal weight gain and the individual 
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body weight at 3, 6 and 9 weeks of age. 
The usual relationship between regression and correlation; 
(xy) = b(y,x) x 
	was used to obtain approximate estimates of genetic 
 -
correlation between plasma thyroxine and three of the other traits examined. 
The genetic standard deviations (1A)  of the traits were obtained from the 
works indicated below. For plasma thyroxine a in the base population 
was 4.9 ng based on a heritability estimate of 0.09. 
Trait 
	 C1  A 
12 day litter weight (Lw12) .1.60g Eisen, Legates and Robison (1970 
3 week weight (3W) 	0.859 Fra.hm and Brown, (1975) 
6 week weight (6W) 	1.72g Falconer, (1973) 
Following were the estimates of genetic correlations with the 
approximate standard errors calculated from the sampling variance of 
the genetic correlation according to Robertson (1959). 
vA(T4, LW12) 	= 	1.29+ 0.11 
vA(T4, 3W) 	= 0.59 + 0.03 
vA(T4, 6W) 	= 0.11 ±0.08 
Mice selected for high or low thyroid activity expressed a 
simultaneous increase or decrease in the rates of growth and maturation 
(Chai, 1970). 	Synenki, Eisen, 4trQ. 	R0-n(1972) reported a positive 
correlated response in thyroid activity of mice selected for 6 week body 
weight. This has .been confirmed recently (Eisen, personal communication) 
using direct estimates of plasma thyroxine levels. The present results 
are generally compatible with them, although, the estimate of genetic 
correlation between plasma thyroxine and 6 week body weight was small. 
It is not known, however, whether the differences in body weights 
were brought about through (a) differences in individual growth potential 
or (b) differences in the maternal environment, particularly lactation 
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performance. Influence of the maternal environment on body weight will 
prevail even at later ages, though to a lesser extent (review by Legates, 
1972). 
The present data too does not allow us to distinguish between the said 
two causes of difference in growth rates. However, from crossfostering 
studies it is revealed that a considerable proportion (70%)of the 
variation in 12-day litter weight is due to maternal environment (Cox, 
Legates and Cockerham, 1959; El-Oksh, Sutherland and Williams, 1967). 
Furthermore, day 12 postpartum corresponds to the time of peak lactation 
in mice (Hanrahan and Eisen, 1970 and the litter weight at this age is used 
as an index of lactational performance (Falconer, 1947; Hanrahan and 
Eisen, 1970). The phenotypic correlation of 12-day litter weight with 
milk production (assuming the latter to be the only source of maternal 
effect on LW12) is estimated to be 0.67 (Nagai and Sarkar, 1977) and 
genetic correlation = 0.45 (Hanrahan and Eisen, 19700. Considering 
the present results alongside these reports it appears reasonable to 
suggest that the 'high' and 'low' thyroxine lines differed in lactational 
perfoxmance. This interpretation may also find support in the observation 
that the line difference in the weaning weights (ic)% qf the mean) in 
the last generation was the same as that for 12-day -litter weight, 
the weight difference 
but/got gradually smaller with advancing age. This shows that 
difference in postweaning growthif any, was small. The genetic 
correlation between T4 and weight traits also got progressively smaller. 
Further evidence for lactation difference comes from the differences in 
the litter growth and maternal weight gain, two traits considered to 
give supplementary information on lactational performance. 
The significance of the disappearance of the sex effect on weaning 
weight is not clear. However, this was probably due to a 
slower rate of maturation. Chai (1970) reports that while there were 
no differences in prenatal development, the lines selected for low 
thyroid activity was slower in achieving some of the landmarks of 
development such as opening of the eyes, appearance of the nipples 
and the opening of the vagina. 
The observations on the relative amounts of gonadal fat at 12 
weeks of age would fall in line with this. Gonadal depot fat forms 
an increasing proportion of the total fat with maturity (Clarke, 1 969). 
But, it is no indicator of the total fatness (Clarke, 1969; Allen, 1977). 
Since the two groups were of the same weight at this age, this would 
probably mean that the 'low' group was less mature. No inference can, 
however, be made on the comparative total fatness of the two lines. 
It could, therefore, be concluded that selection for plasma 
thyroxine was effective, but the response was slow., The additive genetic 
component forms about 90/6 of the phenotypic variation. The trait was 
moderately repeatable and variation was also detectable. relatively 
early in life while it is not found to be influenced by the sex of the 
animal. 
Changes in plasma thyroxine levels brought about by selection were 
associated with. concurrent changes in weight traits. Although, no firm 
conclusion can be made the evidence points towards the possibility that 
the primary change was in lactational performance. 
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ASSOCIATION BETWEEN ENERGY CONTROL 
AND GENETIC MERIT FOR MILK PRODUCTION IN 
FRIESIAN CALVES 
INTRODUCTION 
Much progress has been made in recent years in the understanding 
of the physiological basis of the variation in milk production. The 
significant role played by the differences in the partition of dietary 
energy between milk production and body tissue formation has been 
demonstrated (Broster et al 1969).  Correlations between blood concentration 
of some of the hormones and metabQlites with lactation-potential have been 
shown (Kitchenhazn and Rowlands, 1976; Hart et , 1978; Thompson et al, 
1978). Also, there is increasing evidence that blood levels of many 
metabolites are under additive genetic control to varying extents (lowlands 
et al, 1974; Wiener, 1979; Freeman et al, 1978). 	 - 
These -findings have an implication to dairy cattle breeding in that 
they may make it possible to recognise the expression of genes affecting 
lactation through variation in such processes, and might give us an 
opportunity to developing criteria for the early identification of lactation 
potential in animals. 	 - 
The objective of the work described in this chapter was to investigate 
the variation in the physiology of energy control in young cattle as  
related to variation in their genetic merit for milk production. "Energy 
control" for the present purpose is defined as the balance between energy 
mobilization and storage. Concentrations of a number of metabolites 
indicating this balance were measured in Friesian calves of both sexes, 
over a range of conditions. 
PU 
MATERIALS AND METHODS 
Animals:— 
The animals comprised two groups of Friesian calves, one sired by 
4 Milk Marketing Board (IvIMB) bulls with high improved contemporary 
comparison (iöc) values for milk yield, and the other by 4 MMB bulls 
with low ICC values. The bulls were chosen soon after the preliminary 
ICC results became available before those with very low values were 
culled. The particulars with regard to individual ICC values and 
progeny numbers are given in Table 4.1. Means were weighted according 
to the number of progeny contributed by each sire. 
A total of 129 females (107 cows, 22 heifers) on 6 commercial farms 
were inseminated, between 14th and 28th February 1977 by the NNIB with 
semen from these' bulls. Births of the resulting calves (57) were spread 
over a period of .24 days. They were bought when approximately 2 weeks 
old and transported to Animal Breeding Research Organisation (ABRO) farm, 
Cold Norton, Staffordshire. 
Initially the calves were reared on milk fed warm twice daily. 
Weaning on to a hay and' concentrate diet was completed between 8 and 
12 weeks of age. After screening.,for Brucellosis reactions and testing 
of parentage by blood typing, 42 animals were eventually accepted and 
transported to ABRO farm at Skedsbush, East Lothian. They were allowed 
/ 	3 weeks for adaptation to. the new environment before the start of the 
experiment. The calves were subdivided into two batches (A and B) 
on the basis of age and approximate balance between sex and ICC levels 
(High or Low) so that the age of all calves at the start of the study'. 
was 14 - 15 weeks. The batches comprised: 
Batch A : 	5 High ' 5 High 5 Low 6 	5 Low 
Batch B : 	 .5 High 6 6 High 5 Low ,a 	6 Low 





for Milk Yield Kg. CT 
Hi +405 1 3 
112 +368 3 2 
113 +494 4 4 + 417.7 ± 14.1 
114 +341 2 2 
Total (High) 10 11 
Li -254 3 3 
L2 -324 4 2 
L3 -323 2 2 - 2748 ± 11.2 
14 -202 1 4 
Total (Low) 	10 ii 
F' 
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Table 4.1. Individual ICC values and numbers 
of progeny representing each bull. 
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Sampling of Batch A was carried out from 28.02.78 to 1 0.03.78 and 
of Batch B from 13.3.78 to 24.3.78. 
Experiment: - 
The animals were examined under four different sets of conditions 
(Figure 4.1). In Phase I, each batch was housed and fed as a single 
group, and blood samples taken infrequently. Circadian variation was 
then examined more closely in Phase II when the animals were housed 
individually and blood samples collected via cannulae. In Phase III 
- 
	
	the metabolic response to short term absence of food was examined by 
taking samples via cannulae during a 45 hour period of fasting. Towards 
- the end of the fast the response to the sudden introduction of an energy 
metabolite was examined by taking samples after the injection of sodium 
propionate, and then after refeeding in Phase IV. 
Feeding: - 
Calf rearing pellets were fed at the rate of 2kg per head per day 
given in two feeds - at 0700 and 1600 hours. animals also had access 
to hay (a mixture of rye grass and timothy) ad libitum and to fresh 
drinking water. 
Phase I: - 
All calves were bled 4 times on days 1, 3 and  5, one hour before and 
3 hours after each concentrate feed. Bleeding was by acute puncture of 
a jugular vein using a 20G x 1" vacutainer needle (Beckton, Dickinson 
and Co.) into an evacuated and heparinised lOmi tube. Ten ml of blood 
was withdrawn from each animal on each occasion. 
Phase II:- 
The animals were transferred to individual pens (approx. 51  x  51 
each and bedded with wood shavings) on day 7 from when they were fed 
individually. A cannula was placed in a jugular vein of each animal 
DAY 
TIME
HRS. 1 3 
. 














2000 or .- 
Op 
______ • __ • 4 . 	 _____, -, _ 
Figure 4.1. Schematic illustration of th schedule of bleeding for the metabolid study. 	Concentrate feed 
-4- Propionate injection 1 Bleed-Phase I (). Bleed-Phase II 	Bleed-Phase 111 0 Bleed-Phase IV 
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on day 8. Sampling was resumed, via the cannulae, at 1100 hours on 
day 9 followed by further samples at 1500 and 1900 hours on the same 
day, and 0100, 0600 and 1000 hours on. day 10 for metabolite studies: 
Phase III:- 
Animals were fed as northal at 1600 hours on dy 10; all food but 
not water was withdrawn an hour later thus starting the fast. .Sampling 
was resumed at 1000 hours on day 11, and then every 4 hours until 1000 
hours on day 12. Body weights were measured on day 10. 
Phase IV:- 
At 1130 hours on day 12 each animal was injected intravenously 
with a 2.5 molar,solution of sodium propionate-at a dose of 0.5m Moles 
per kg body weight. Two blood samples were taken 30 and 90 minutes 
after the injection. Food (1kg concentrate per animal together with 
hay ad libitum) was re-introduced at 1330 hours. Further two samples 
were taken at 1600 and 2000 hours after which the cannulae were removed. 
Plasma was separated from each sample immediately after collection 
and stored in polystyrene cups at -20 
0
C. The concentration of the 
following metabolites in Plasma were determined using the respective 
methodsi. Glucose (Gutteridge and Wright, 1968), Urea (Marsh, Fingerhut 
and Miller, 1965), 	Total protein and albumin (Collier, 1970) and 
13-hydroxybutyrate (MBA) (Zivin and Snarr, 1973). Free Fatty acid (FFA) 
concentrations were determined using a modification of the technique 
described by Patterson (1963). Globulin concentration was estimated 
from the difference between total protein and albumin. A general 
discussion on the validation of the assays and a description of the. 
individual assay methods are given in Appendix I. 
One animal (Low from Batch B) developed scours towards the end 
of Phase II and was removed from the experiment at that stage. Since no 
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abnormality was apparent in the data from that animal gathered up to 
then, they were included in the analysis. 
Statistical Analysis:- 
First, the data for each sampling occasion was analysed separately 
using the CONPREG least squares program (Russell, 1978) based on the 
following model. 
X.. 	= i + B. + . G + M(k). + S + (BG) . + (BS). + (LS). 	+ e.. 
ijkmn 	1 	j 	j 	m 	kj 	im 	jim ijlann 
where X.. = an observation on the mth animal in the ijkth sub class, ijkmn 
ii is the overall'mean, Bis the effect of ith batch (i = 1, 2), G. is 
the. effect of the jth group (j = 1, 2), M(k). is the effect of the kth 
sire within group (k = 1, 4), Sm is the effect of the 'mth sex (m = 1, 2) 
and ijkmn 
 is a random error associated with each observation. 	(BG).., 
(BS)ik and (LS) the the appropriate two factor interactions. 
Separate analyses were also performed for each of the Phases I to 
IV based on a modification 'of the above model. Additional-effects 
of times of sampling (i ..... 6, 7 or  4) and animals 0 ..... 5 or 6) within 
Batch, level and sex were fitted in this analysis. 
For the data from Phase I the model was further modified to include 
the effects - of days (1.....3), Session (am;pm) and prandial (Pre and post) 
in place of Time. 
In the analysis of variance, sire/group mean square was used as the 
error term to test the effects of ICC Group. The effects of Batch, sex 
and interactions were tested against animal mean square. 
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RESULTS 
The main effeèts which we wishej. to examine were those of ICC 
classification. The fitted mean values for the high and low groups. 
are represented graphically, in Figures 4.2a g for, each metabolite 
on each occasion when a sample was taken. In that we were interested 
in situations when it might be possible to differentiate between the 
two groups on the basis of the concentrations during any of the four 
Phases of the experiment, the results for the different Phases are 
discussed separately. 
Phase I: Acute sampling:- 
From the graphs it can be seen that on some occasions there were 
significant between'group differences in urea and protein levels. 
However, when the period is considered as a whole it can be seen from 
Tabl4.2 and Al2 (appendix), that, neither sex nor ICC group had a statistically 
significant effect on any of the metabolites, nor was the difference 
between fitted mean values for either factor large relative to the 
overall mean. It can, therefore, be concluded that the genetic merit 
for milk yield' of the sire did not affect the concentration - of any of 
the metabolites studied when assessed over 12 samples taken at specific 
times in relation to feeding. 
The data did show that in general the concentrations of all metabolites 
followed a definite pattern in relation to feeding. There was a significant 
day effect on all metabolites except albumin. The day x time and session x 
time interactions were significant only for glucose (P<o.00i), BUBA 
(P<o.00i) and total .protein (P<0.05). Day x session interaction was 
significant only for EFA (P<o.00i), glucose (Plco.05) and protein (P<0.05). 
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- Sex . ICC 
Difference Difference 
Variable Mean S.E. N P 	. N-F as % of mean H L H-L as % of mean 
n 42 .20 22 21 21 
BA mNol/L 0.469 0.09 0.495 0.443 0.052 NS 11.0 0.451 0.488 -0.037 NS 7.9 
Glucose mNol/L 4.72 0.25 4.76 4.66 0.10 NS 2.1 4.67 4.77 -0.10 NS 2.1 
UreamNol/L' 2.76 0.39 '2.67 2.84 -0.17 NS 6.0 2.69 2.83 -0.14 NS 5.0 
FPA equiv/L 174.0 22.1' : ,.%176-4 171.6 4.8 NS 2.7 176.4 171.6 4.8 NS 2.7 
Total Protein ilL 70.7 1.98 71.2 70.2 1.0 NS 1.4 71.4 70.0 1.4 NS 1.9 
Albumin g/L 39.3 2.35 38.7 39.9 -1.2 NS - 	 3.0 38.5 40.2 -1.7 NS 4.3 
Globulin g/L 31.4 2.72 32.7 30.1 2.6 NS 8.3 33.2 29.7 3.5 NS 11.1 
Table 4.2. Fitted mean concentration of each metabolite for Phase I (12 samples per 
anim4 together with effects of sex and ICC Group. 
NS Not Significant 
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Phase II: Sampling via cannula:- 
The mean concentrations of each metabolite for 6 samples during 
this period together with the ICC group and sex effects are presented 
in Table 4.5 and the results of the analysis of variance in Table A14(appendix) 
Sex effect was significant (P<0.05) only on the levels of globulin. 
The high'ICC group was found to have higher levels of total protein and 
lower levels of urea but only the difference in total protein was 
statistically significant (Pc0.05). The differences between fitted 
means were 4 and 11% of the. respective overall means. The only 
significant interaction was that of ICC group x sex in the case of 
glucose. Once again the figures show that the diurnal variation In 
the blood levels of different metabolites in relation to feeding followed 
a pattern similar to those in Phase I. 
Phase III: Sampling via cannula during fasting:- 
The graphs show the changes in the concentrations of the metabolites 
associated with fasting. The decline in the levels of glucose was 
associated with rises in those of FTA, urea and BEBA. The mean 
concentrations over the 7 occasions of this Phase are given in Table 4.4 
and the analysis of variance in Table A16(appèndix),, Significant ICC group 
effects were observed for the concentrations of FFA and urea. Total 
protein concentrations were also different between groups but not 
statistically significant. The differences were similar in direction 
to those seen in Phase II, but were of greater magnitude 16, iS and% 
of the overall means of FFA, urea and total protein respectively. Apart 
from that of ICC group x sex in glucose none of the other interactions 
tested for this Phase was significant. 
Phase IV: Sampling via cannula after nutritional stimuli:  
Injection of propionate caused a rapid rise in glucose levels, but 
Sex ICC 
Difference Difference 
Variable Mean S.E. N F M-F as % of mean H L H-L as % of mean 
n 42 20 21 21 
BAmMol/L 0.65 0.04 0.661 0.641 0.02 NS 3.1 0.615 0.687 -0.072 MS 11.0 
Glucose mNol/L 1.74 0.14 4.76 4.72 0.04 NS 0.8 4.80 4.67 0.13 MS 2.7 
Urea mMol/L 2.35 0.17 2.30 2.39 -0.09 MS 3.8 2.15 2.54 -0.39 MS 16.0 
FFA eq.uiv/L 180.3 18.1 183.7 1 16.7 7.0 MS 189.8 170.6 19.2 MS 10.7 
Total Protein g/L 68.2 1.0 69.09 67.42 1.67 MS 2.4 69.66 66.85 2.81 * 4.1 
Albumin g/L 34.9 1.4 33.88 36.00 -2.12 MS 6.0 35.32 34.57 0.75 MS 2.1 
Globulin g/L 33.2 1.7 35.07 31.38 3.69 * 11.1 34.20 32.26 1.94 NS 5.8 
Table 4.3. Pitted mean concentration of each metabolite for Phase II together with 
effects of sex and ICC Group. P< 0.05 MS Not Significant 
• Sex ICC 
Difference Difference 
Variable Mean S.E. 	. M. F N-F as % of mean H L H-L as % of mean 
n 	. 42 20 22 21 20 
BEBA 0.595 0.06' 0.595 0.596 - 0.001 NS 0.2 0.589 0.601 -0.012 MS 2.0 
Glucose 3.9 0.22 3.92 4.00 - 0.08 MS 2.0 4.01 3.91 0.10 MS 2.5 
Urea 5.16, 0.37 5.30 5.02 0.28 MS 5.4 	- 4.70 5.62 -0.02 * 17.8 
ETA 535.7 38.9 530.5 540.9 -10.4 NS 1.9 578.4 492.3 86.1 * 16.1 
Total Protein 69.8 1.38 70.2 69.4 0.8 MS 1.1 71.1 68.5 2.60 NS 3.7 
Albumin 35.7 1.58 34.5 36.9 - 2.4 MS 6.7 36.1 36.3 -0.2 MS 5.6 
Globulin 33.7 1.64 34.4 33.0 1.7 NS 5.0 34.8 32.6 2.2 NS • 	6.5 
Body Weight 88.1 2 .56 87.2 	. 88;9 -1.7 NNS 1.9 87.5 88.6 -1.1 NS 1.2 
Table 4.4. Fitted mean concentration of each metabolite for Phase III together with 




- 90 minutes after the injection, the levels had dropped to the pre-treatment 
levels, and had reached pre-fast levels 8 hours after refeeding. The FFA 
levels started to drop rapidly and the between group differences soon 
disappeared. Urea followed a similar trend but at a slower rate with the 
between group differences maintained even 8 hours after refeeding. No 
significant ICC group effect was apparent in the rates these changes took 
place following the nutritional stimuli. The fitted means over the 4 bleeds 
of this phase are given in Table 4.5. 
Between and within animal variance components for each ietabolite 
together with the estimates of repeatability for the Phase I - III are 
given in Table 4.6. 
The phenotypic correlation coefficients, estimated within ICC group 
subclass, among different metabolites together with those between metabolites 
and body weight are given separately for Phase I - III in Table 4.7. The 
estimates were generally low although many of them were, statistically 
significant. It should be noted that the correlations of globulin with 
albumin and also with total protein are part-whole. relationships, globulin 
being estimated by subtraction of albumin level from total protein level, 
and should beinterpreted as such. 
In Tables A13, A15 and A17 in Appendix III, the least square constants 
of progeny groups are tabulated against their sire's ICC value. In an 
attempt to quantify the relationship of the sire's ICC value with the 
levels of each of the metabolites of his progeny, correlations were estimated 
between the ICC value of a sire and the mean of the least square constants 
(over 6 bleeds for the fed and 7 bleeds for the fasted phases) of its progeny. 
The estimates were done within ICC groups, and are presented in Table 4.8. 
The correlations in the case of urea and glucose were negative, and all 
others posi4ve. However, they were generally small, and mostly not 
significant. 
- SEX ICC 
Difference Difference 
MEAN S.E. M F N-P as % of mean H L H-L as % of mean 
n 41 20 21 21 20 
BA mMol/L 0.68 0.02 0.67 0.69 -0.02 NS 2.9 0.66 0.70 -0.04 NS 5.8 
Glucose mNol/L 4.67 0.04 4.65 4.69 -0.04 NS 0.8 4.71 4.63 0.08 NS 1.7 
Urea mMol/L 2;23 0.06 2.21 2.25 -0.04 NS 1.7. 2.07 2.39 -0.32 NS 14.3 
ETA equiv/L 159.9 7.30 165.7 154.1 11.6 NS 7.Z 168.3 151.5 16.8 NS 10.5 
Total Protein'ilL 70.1 0.80 70.6: 69.6 1.00 NS 1.4 71.4 68.8 • 2.6 NS 3.7 
Albumin g/L 37.6 0.72 36.9 38.3 -1.4 NS 3.7 38.8 36.4 2.4 NS 6.4 
Globulin gIL 32.7 0.96 33.9 31.5 2.4 NS 7.3 33.1 32.3 0.8 NS 2.4 
Table 45. Fitted mean concentration of each metabolite for Phase IV (4 bleeds) 
together with effects of sex and ICC Group 
NS Not Significant 	. 
cr 
n 
Phase I Phase II Phase III 
t 	A 02b 02W 02b_2 '02b 02b 	02w 	t = Ob 02w 	
= = 2 	2 2 Ob+Ow 
2 
0 	+0w 0b+0w 1 
BA 0.0001 0.00187 0.051 + 0.070 0.0120 0.0783 0.133 + 0.060 0.0059 0.0161 0.268 .065 
Glucose 0.1180 0.2026 0.368 + 0.060 0.0583 0.1712 0.254 ± 	.061 0.0637 0.2531 0.201 ± .067 
Urea 0.3093 0.1691 0.646 ± 0.052 0.4250 0.3050 0.582 ± 	.060 0.6819 0.3931 0.634 ± .048 
FFA 0.0410 0.1645 0.199 + 0.062 i1 0.2170 0.5922 .0.270 ± 	.061 0.5432  2.0529 0.209 ± .067 
Protein 0.1890 0.0569 0.669 + 0.049 10.1216 0.0582 0.676 ± 	.046 0.1489 0.0444 0.770 + -042 - 
,Albumin 0.1830 0.1857 0.496 +0.058 0.1018 0.1724 0.37 1 + 	.058 0.1727 0.1386 0.555 ± .069 
Globulin 0.2864 0.1688 0.629 + 0.050 0.1584 0.1210 0 .567 ± 	.065 0.1650 0.1637 0.502 ± .070 
Table 4.6. Variance components and repeatability (t) estimate of 
each metabolite for the different phases. 
ioaJ. 
Phase 	Metabolite BA. Glucose Urea BTA Protein Albumin Globulin 
I 	Glucose -0.088 
II -0.033 
III -0.072 
I 	Urea _0.165*** 0.238* 
II 0.030 -0.047 
III 0.324 0.050 
I 	FFA -0.076 0.009 0.145** 
II 1 	0.143* 0.248- _0.323*3- 
III 0.162* 0.030 0.159* 
I 	Total Protein _0.105* 1 	_0.173* _0.159*** -0.102 
II 0.087 _0.173* _0.229*** 0.237*** 
III _0.146* -0.120 -0.257 -0.142 
I 	Albumin -0.028 0.207 3f** -0.085 0.066 0.061 
II 0.090 0.338*** _0.284* 0.259*** 0.162* 
III 0.081 0.200 0.067 0.080 0.075 
I 	Globulin -0.058 -0.013 70.050 -0.133 0.674*** _0.618*** 
II 0.008 1 	_0.131* 0.052 -0.015 .0.622* _0.550m 
III _0.277** 0.023 _0.218** _0.186** 0.703*** _0.410*** 
I 	Body wt. -0.004 	0.271 -0.124 0.030 -0.002 0.097 -0.076 
II 0.053 0.227* -0.003 0.135 0.012 0.105 -0.086 
III -0.051 	0.108 -0.016 0.078 	1 -0 - 1 38* 0.060 -0.209 
Table 4.7. Phenotypic correlations within ICC Groups, among the different 
metabolites and between metabolites and body weight for the 3 phases. 
*E< 0.05 	P<0.01 	***P< 0.001 
Metabolite 
FED • 	 PAST 
n Correlation with n Correlation with 
Sire's ICC Sire's ICC 
BKBA 24 0.219 	•. .28 .0.461* 
Glucose 24 -0.348 28 -0.361 
Urea 24 -0.251 28 -0.226 
FA 24 0.318 28 0.167 
Total Protein 24 0.103 28 0.231 
Albumin 24 0.346 28 0.391* 
Globulin 24 0.212 28 0.391* 
Table 4.8. Phenotypic correlations between progeny group 
least square means of metabolites and the ICC 
values of the sires, éstimatd,it1ünICC groups, 
and pooled 
n = No. of pairs of observations 




The primary object of the study was the investigation of the 
variation in blood metabolites with particular reference to possible 
differences in energy metabolism between animals of high or low genetic 
potential for milk production. It may nevertheless be noted that the 
absolute levels observed and the effects of different treatments were 
comparable to those in the literature. For example, the concentrations 
of most metabolites during normal feeding were similar to those recorded 
previously for calves of comparable ages (Rowlands et al 1974; Kay, Little 
and Kitchenham, 1976; Little, Kay, Nanston, Rowlands and Stark, 1977). 
Prandial changes agreed, in general, with those reported by Coggins and 
Field (1978) and by Lindsay (1978). The fall in blood glucose levels 
during fasting with a concurrent rise in FTA, BEBA and urea levels are 
well known effects of dietary energy deficit (Blaxter, 1963).. The 
effects of short term fasting on plasma protein levels is not well 
documented. Hoffenberg (1972) in reviewing the subject suggests that 
in man and rate there is an increase in globulin synthesis in extra hepatic 
tissue, while Millward et al.(197) concludes that the initial response is 
an increase in protein breakdown in the liver to supply substrate for 
plasma protein synthesis. These changes, however, are time dependent. 
The present study showed an initial rise and then a drop in plasma 
proteins. 
The changes following the injection of sodium propionate were 
similar to those observed by Ash, Pennington and Reid (1964). 
Three of the metabolites studied differed significantly, at least 
in one of the phases, between high and low ICC groups. FFA concentrations 
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were similar during normal feeding, but during fasting increased more 
rapidly in the high group so that a significant difference developed 
between groups. after 30-34 hours of fasting. The difference persisted 
until the termination of the fast. Wiener (unpublished data) has 
observed a similar difference in FFA levels, but without fasting, between 
daughters of high and low producing cows. Increase in FTA levels in 
blood following fasting is indicative of adipose tissue mobilization, 
with the rise proportional to the degree of such mobilization (Russell, 
1977). The greater rate of increase in the high ICC calves will, 
therefore, indicate a faster rate of depot fat mobilization by them. 
Broster et al (1969) reports that mobilization of fat reserves by the 
lactating cow is critical for high milk production. High FFA concentrations 
in cows during lactation have been found to be positively related to milk 
yield (Hart et al 1978) and milk fat yield (Morris and Swan, 1975). 
The differences between ICC groups in blood urea levels are 
compatible with those of ]TA. However, unlike FFA the origin of blood 
urea is not restricted to a single source. Furthermore, the urea level 
in blood is influenced by a number of interacting variables (Sykes, 1978). 
These facts make giving a physiological explanation for the between group, 
difference difficult. In the fed ruminant a major fraction of urea is 
formed in the liveir from ammonia absorbed from the gut. A certain 
and Leng, 
fraction, estimated to be around 359/6 (Nolan  1972) even in the fed ruminant 
is known to be formed as a result of tissue protein catabolism. In 
situations such as fasting or dietary protein deficiency protein catabolism 
forms the main source of urea in blood (Buttery, 1977). The situation 
is further complicated by the fact that recycling of urea nitrogen 
particularly during fasting, plays a significant role in nitrogen metabolism 
- 	/ 
in the ruminant (Coimano and Leng, 1961; Engelhardt, 1978). 
The greater build up in the low ICC calves following fasting 
would indicate a relatively greater use of amino acids by them as an 
energy source. Webster (1978) estimates that the energy cost of 
dep6sition of ig fat or ig protein is the same but the energy content 
of fat is 1.7 times. that of an equal weight of protein. Furthermore, 
protein breakdown demands additional energy cost for the synthesis and the 
excretion of urea. Thus it would be more efficient in energetic terms, 
to use. fat rather than protein as a source of energy at times of dietary 
energy deficit. The currently proposed hypothesis, therefore, is that 
the high calves possess a fat based energy economy whereas the low group 
obtain a relatively greater proportion of their energy from protein 
catabolism. This situation may arise from two possibilities. 
A higher inherent rate of protein turnover in the low group which 
would yield energy in the process so that fat reserves were not / 
mobilized to a greater extent even though it would have been more 
efficient to do so. This possibility gains some' support from 
the observation that urea differences existed even before the 
fasting started. 	 - 
The low group has a lesser propensity /
for, fat mobilization, and a 
greater tendency to rely on breakdown of protein to meet their 
energy demands. 
The present data do not allow us to distinguish between these 
possibilities. Either possibility, however, would imply a longer 
protein half-life in the high than in the low group. Lower urea, and 
higher FFA levels in high group will also be compatible with such a 
situation; but it would not imply greater body fat reserves in the 
high group. Studies in pigs have shown that the rise in FFA after an 
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injection of a lipid mobilizing factor was inversely related .to the 
amount of fat in the body (Standal, Void, Trygatad and Foss, 1973). 
By analogy the present high calves could have been leaner animals with 
a genetically controlled tendency to mobilize fat preferentially leading 
to less net deposition of body fat. The postulated shorter protein 
half-life in the low group of animals may account for their lower 
observed levels of total proteins and the significant negative correlations 
in all phases between total protein and urea. Sykes (1978) and Treacher 
(1978) suggest that in dairy cattle and sheep respectively, urea concent-
rations-are inversely correlated with the efficiency of dietary nitrogen 
utilization. This too would imply that the protein based energy 
economy with its greater protein catabolism is less efficient. 
Of the metabolites, glucose was the only one to be significantly 
correlated with body weight.. Glucose was also found to be correlated 
with protein components (total protein, albumin and globulin). A 
positive relationship of glucose and albumin with body weight in young 
calves has been reported by Rowlands et al (1974). These correlations, 
however, were reduced to very small magnitudes when adjusted for feed 
intake (Kay et al 1976), implying that the correlatiofls may be a 
reflection of differences in appetites. The reduction in the correlation 
between metabolites and body weight, during the fast in the present study, 
may lend support to that interpretation. 
The moderate to high repeatability of the blood levels of some of 
the metabolites, particularly these of urea and protein components was 
similar to the findings of Rowlands et al (1974) and Thompson, McDonald 
Warner (1978). The latter report provides evidence for individuality 
of metabolic characteristics, corrected for all environmental sources 
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of variatiofl, persisting for periods even up to 3 months. Such 
observations would suggest the possibility of characterising individuals 
on their metabolic profiles. Although significant effects due to sires 
were noted in the case of urea, EFA and protein they were based only on 
a few progeny per sire. Thus on their on not much importance can 
be attached to them. However, when these findings together with the 
repeatability estimates are considered alongside the evidence from other 
sourceieritabj]i.ties of blood metabolites (Wiener 1979; Kitchenhalli 
and Rowlands, 1976; Freeman et al 1978) 
the overall impression is that 
there is a substantial amount of.additiVe genetic variance in blood 
levels of many metabolites. 
Overall, there was only one instance of a sex effect (Globulin in 
phase II; Male > Female). In view of the number of comparisons made 
this may well have arisen by chance. Information on sex effect on blood 
métabolite levels in calves of comparable ages is lacking. Galbraith 
et al (1978) reports a comparison between Friesian bulls and steers at 
10 months of age. They found no difference in the concentration of 
protein, glucose and YFA while those of urea and albumin were found to 
be different. 
It appears that potentially useful differences in the concentrations 
of some blood metabolites, indicative of. differences in energy control, 
exist between progeny groups of sires with differing breeding values 
for milk yield. Giving satisfactory biochemical reasons for all of 
them may not be possible at present times. The interpretations given 
are, therefore, for the most part speculative. It is noteworthy that 
the most significant variations occurred during fasting. Since the 
latter imposes a physiological status somewhat akin to that of early 
lactation these results are- of interest. 
In conclusion, the present results support the contention that 
the physiological variation underlying genetic differences in milk 
production may be recognised at an early age and also that it is not 
sex limited. It may, therefore, afford the opportunity to develop 
direct estimates of a male's genetic merit for milk production through 
such means, in the same way as has been discussed for-reproductive traits 
(Land, 1974; Bindon andTnj 1974). It should, however, be noted 
that plasma composition estimated from simple acute sampling may not 
be adequate. Apparently the differences are not evident when the 
animals are in energy equilibrium. Variation seems to be maximized 




In recent years, there has been a growing interest in the possibility 
of using quantitative physiological traits as means of recognising the 
genetic potential of animals for different production traits. With 
regard to milk yield, the idea followed the demonstration that quantitative 
measures of certain endocrine (Joakimsen et al 1971) and metabolic (Broster 
et al 1969; Hart et al 1975) 
activities were related to milk yield. 
However, the usefulness of such traits for the purpose will depend also 
on the extent to which they are heritable and their genetic association 
with the production trait in question. The. main objective of the present 
work was to obtain some knowledge of these aspects. Emphasis was also 
laid on the potential of the physiological traits in helping to overcome 
the limitations, to genetic progress in milk production, imposed by the 
fact that the latter is a sex limited trait and is recognisable only 
in mature animals. 
The selection experiment with mice provided evidence that part of 
the variation in plasma thyroxine level is under additive genetic control, 
and that the trait responds to selection, although slowly. The realized 
heritability was only 9%. Common environmental effects, probably acting 
via maternal environment, seems to be important as evident from the 
relatively large intra class correlation of full sibs. The results 
also demonstrated a possible, although not conclusive, positive correlated 
response in lactation performance. Eisen £t al;. (1970) in selecting for 
12 day weight of a standardized (8 mice) litter, observed an average 
response of 0.259 
per generation. In the present study, although as 
a correlated trait, 12 day litter weight changed, on average by 0 .39 
per generation. It is not unusual to see a trait having a better 
response when the selection is for a secondary trait. But, in this 
situation - it must be borne in mind that the populations of mice were 
different in the two instances. Nevertheless, the comparison would 
help to assess, in general terms, the magnitude of the correlated 
response that was achieved. If 12 day litter weight is a good indicator 
of milk production, the result would.be encouraging, particularly when 
considered alongside the observation of Osmond (1979) who with hourly 
sampling of young calves (the same animals that were used in the work 
described in Chapter 4) for 24 hours, found that the progeny from high 
ICC bulls had significantly higher plasma levels of thyroxine at all 
times, compared to those of low ICC bulls. 
The experiment with cattle • showed that individual animals maintain 
characteristic levels of blood metabolites of their own, and that there 
were differences in certain metabolites between groups divergent in the 
genetic potential for milk production. The observation that greatest 
differences were confined to the period of fasting could be of particular 
significance. This is similar to the observation made by Rowlands (1975) 
that the most significant changes in blood composition in cows occurred 
during the period immediately prior to and after calving when the between 
animal variation in metabolite levels also was at its greatest. Thus 
it is seen that when the energy equilibrium is disturbed, as does happen 
in fasting as well as in early lactation, we are able to detect useful 
variation that is not apparent under normal conditions. 
Two of the features revealed from the two experiments merit 
particular emphasis. As far as the relevant variables were concerned, 
they showed: 
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(i) that the variation was also detectable relatively early in life, 
(2) that there were no significant differences attributable to the 
sex of the animal. 
Considering the ultimate objective of the studies of this nature, 
these observations are of significance. They would mean that if the 
use of such criteria in selection programmes becomes a reality, it 
would be possible to carry out selection in both sexes as well as at 
younger ages. 
Implications to genetic progress 
Given that we may be able to do selection based on the envisaged 
criteria how will the rate of progress compare with that obtained by 
direct selection of milk yield? The merits of indirect selection are 
dealt in general by Falconer (1960), and, accordingly, are dependent 
ri 
upon the selection intensity per unit time 
1'L  applicable to the 
predictive (p) and to the desired (d) trait, 	the respective heritabilities 
(h2 and h), and the genetic correlation ('A) between them. Thus, for 
instance, assuming equal selection intensities and using theappropriate 
values for the different parameters it is seen that a genetic correlation 
of at least 1-59 is required between plasma thyroxine level and milk 
yield to make indirect selection superior. This would mean that 
indirect selectionfor milk yield based on plasma thyroxine level will 
not, result in greater response even if the genetic correlation between 
the two traits were equal to unity. However, the removal of the sex 
limitation alone would increase the selection intensity by two fold. 
Hence with the additional benefits from early selection it 
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is reasonable to assume that a considerable gain in the rate of genetic 
progress would be possible. 
Practical application 
As was pointed out in the introductory Chapter, the most effective 
way of using any predictive trait will be its incorporation into the 
existing dairy bull progeny testing scheme as a means of preselecting 
the bull calves to be tested. Application of experimental findings to 
a practical situation of this nature is not easy. Further work in this 
area, therefore, must also consider the ways and means of simplifying the-
test procedures. 
In the present study, considering the problem in terms of the 
possible differences in energy control, it was decided'to impose a 
period of fasting. As was seen, this approach proved to be useful-. 
But, is fasting the only way of exposing the variation? Also, can 
variation be demonstrated without having to sample too intensively? 
Perhaps the examination of some other tissues less vulnerable to rapid 
changes may give some clues. In Chapter 4, it was tentatively suggested 
- 	that animals with differing lactation potential may differ in their 
protein turnover rates. With advances in the knowledge of the physiology 
and biochemistry of lactation, and with the development of new techniques, 
alternative, and hopefully simpler ways of detecting useful variation in 
such processes may be feasible. 
One other major problem will relate to the choice of the hormone, 
metabolite or their combination to be used as the criteria of testing. 
Answers to these questions could be expected to come not from specific 
studies designed for the purpose, but from the general information likely 
to accumulate gradually. 
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Finally, the work reported in this thesis apart from supporting 
the contention that the genes expressing lactational performance can 
be detected through the variation in certain physiological attributes, 
have also demonstrated the possibility of genetic manipulation of one 
of the potential traits. The latter was also associated with desirable 
changes in certain 'production' traits. The investigation, therefore, 
provides some new information which would be useful in the further 




Variation in milk yield may arise in part from variation in the 
balance between energy mobilization and storage which in turn may be 
o 
brought about by inherent variation in endocrine activity. Thus it 
may be possible to recognise the expression of genes affecting lactation 
through the variation in these physiological attributes. As a part of 
a study to explore this possibility two experiments were conducted with 
the following objectives: 
I 	To investigate the amount of additive, genetic variance in 
one of the components of the thyroid gland activity, namely 
the thyroxine, concentration in' peripheral blood. 
II 	To investigate the variation, if any, of the metabolic indicators 
of the balance between energy mobilization and storage in calves 
of differing genetic merit for milk production. 
Two way selection was carried out in mice for either high or low 
amounts of plasma thyroxine, starting with a random bred population. 
Selection was effective in that it caused a clear divergence of the 
two lines on either side of the unselected control line. The response, 
however, was slow - 0.98 and 0 .75 ng/ml per generation in the 'high' 
and the 'low' line respectively. The divergence of 9.8 ng/ml in 
generation 7 was equivalent to twice the genetic standard deviation 
in the base population. The realized heritability was 0.09 ± 0.02. 
Positive correlated responses were observed in the 12 day total 
weight of a litter (standardized to 8 mice) and the individual weaning 
weights (at 3 weeks of age). Although, it is not possible to say. 
conclusively whether this was the result of the differences in individual 
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growth potential on the effects of maternal effects (primarily lactation), 
from the supporting evidence the suggestion was that the latter was more 
likely. 
Metabolites were studied in 42 Friesian calves; half (ii, 19&) 
were the offspring of 4 bulls with high Improved Contemporary comparison 
(Icc) values (mean = +402 kg), and half (ii and 1066 the offspring of 
4 low ICC (mean = -276 kg) bulls. The animals were studied between .7 
14 and 17 weeks of age both under normal feeding, and, to simulate 
the negative energy balance of early lactation, during a short (44 hour) 
fast. The metabolites studied were Beta-hydroxybutyrate (BEBA), 
Glucose, Urea, Free fatty acids (ETA), total proteins, Albumin and 
Globulin. 
Blood levels of a few of the metabolites showed some degree of 
individuality. Repeatability estimates were BEBA = 0.15, Glucose = 
0.17, Urea = 0.62, FFA = 0.23, Total protein = 0.74, Albumin = 0.47 
and Globulin = 0.57. 
The progeny of high ICC bulls had consistently higher levels of 
total protein and lower levels of urea. However, the differences were 
statistically significant only during fed state for protein (H = 69.79 
L = 66.8 g,/L; P< 0.05) and only during fasting for urea (H = 4.70, 
L = 5.62 mMol/L; P<0.05). While there was no difference between 
ICC groups during the fed state, the FFA levels of the high ICC calves 
increased relatively faster and a significant difference was detected 
after 34 hours of fasting (H = 578, L = 492 p.EqJL; P<0.05). 
No sex difference was observed either with the plasma levels of 
thyroxine in mice at 5 weeks of age, or in the case of the metabolites 
studied in calves. 
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The results were discussed in relation to the potential use 
of ,these physiologibal variables in genetic selection for milk 
production. 
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APPENDIX I. 
METHODS OF HORMONE ASSAY 
SECTION 1: THYROXINE (T4) 
Principle 
Plasma thyroxine was assayed using the solid phase radio iminuno 
assay (RIA) method of Seth, Rutherford and McKenzie (1975). Thyroxine 
antibody used in this method is made insoluble by covalent coupling with 
microcrystalline cellulose. The test plasma, tracer solution and the 
antibody are mixed together and allowed to equilibrate for 24 hrs. at 
+4°C. Use of antibody In solid-doupled form permits separation of the free 
and the antibody bound hormone by a single wash followed by centrifugation 
and decantation of the supernatant to waste. The precipitate was 
counted by an automatic gamma counter with a paper tape output; the data 
from the tape was analysed by the RIA computer program package of the 
Animal Breeding Research Organisation, Edinburgh, and the potencies of the 
unknown samples estimated. 
Materials 
Antibody:- The thyroxine antibody was raised in sheep and was 
coupled to activated cellulose by the following procedure: 
5004 of antiserum and 1.Og of Cyanogen bromide - activated 
cellulose were added to 2.Oinl. borate buffer (0.1 mol/L; pH 8.6.). 
The suspension was. mixed in. a. rotating mixer for 3 days at +4°C. The 
coupled antiserum was then washed three times in the borate buffer, twice 
in acetate buffer (0 Q 1 mol/L; pH 4.0) and three times in glycinate buffer. 
The duration of each was 	30 min. at +40C. Coupled antiserum was 
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stored at +4°C at a dilution of 1:100 in glycinate buffer. 
Glycinate buffer: Sodium glycinate (0.1-mol/L; pH 10.5) containing 
gelatin (2 g/L) and sodium azide (100 mg/L). 
/ Tracer solution: The tracer used 	1 	1 was 3 , 5 - 125 I-L-Thyroxine (Radio — 
Chemical Centre, .Amersham) with specific activity 50 micro curies/microgn. 
The working solution of Tracer/Sodium Salt of .Aniline-Naphthalene-Su.lfonic 
acid (Mis) was made by adding 1004 (400 nano gm.) .of the tracer to 400m1 
of a solution of ANS (Sigma) in glycinate buffer (500mg AMS in 400m1 buffer) 
to give a final concentration of 1 nano gm/mi. This solution was stored 
at +4°C. 
Thyroxine-free serum was prepared by treating 500 ml of boviie serum with 
100 g activated charcoal and mixing for 24 hrs. at. +4 °C. Extraction was-
completed by centrifuging at 4000 g followed by filtration through a3-ph  
Millipore filter. The filtrate was stored frozen until used for the 
preparation of the standards. 
Wash solution: 0.1 mol/L Sodium Chloride containing 0.069/6 Decon. 
Standards: The Thyroxine Standard was prepared by dissolving 18.0 mg 
L-Thyroxine Sodium salt pentahydrate (Sigma) in propylene glycol/water 
(1:1 by volume) adjusted to pH, 9.0 with NaOH. Working sta1ards were, 
prepared by serial dilution of this solution in T4 free serum. 
The assay incubation was performed in polystyrene-round bottomed 
tubes (LP4; Luckhazn Ltd., Bexley Heath). 
1(c) Antibody dilution and sensitivity 	 - 
Solid coupled antibody was -.serially diluted to give working 
solution from 1 'in 500 to 1 in 64000. For each dilution the percentage 
125  of total 	I-T4 bound by the antibody in the presence of T4 free serum 






Figure 1.1. 	Graph showing assay sensitivity measured by the percentage of tracer bound 
in the presence of zero and top standards at different dilutions of the 
antibody. 
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• 	containing T4 at a concentration of 250g/ml. (Top standard). The 
result is shown graphically (Pig. 1.1). Maximum divergence between the 
zero and the top standards was achieved in the range of dilution 1: 2000 
to 1:8000. The dilution of antibody used in the assays was 1:4000 which 
gave a binding of 60% for the zero standard. 
Tracer dilution and sensitivity 
The tracer concentration used was 200p/tube. This amount of 
fresh tracer usually gave 15 - 20,000 counts per 100 seconds. No tracer 
was used which was older than 4 wk. from the manufacturer's reference 
date. 
Method 
2004 of .ANS/tracer was dispensed into each assay tube using a 
Compu-pet automatic dispenser (General Diagnostics, '14.J.). Next, an 
•aliquot (20.t1) of either standard or test plasma was picked up and 
dispensed into the respective tubes together with 5004 of a stirred 
suspension of solid coupled antibody in glycinate buffer. Thus the 
total volume of the incubation mixture was 720.4 with the antibody in 
a final dilution of about 1:6000. 
The standard& used had the following amounts of thyroxine in T4 
free serum; 0,'20,  40, 60, 80, 100, 120, 150, 200 and 200ng/ml.. 	Each 
standard was performed in quadruplicate, each test plasma in duplicate. 
After mixing in amulti-vortex mixer (Baird & Tatlock), the assay 
mixtures were incubated at +400 for 24 hrs. One ml of wash solution 
was added to each tube and they were centrifuged at 1200g for 30 min. at 
+4°C. The supernatant was decanted, any remaining droplets being 
aspirated from the rim of the tube. The antibody-bound tracer in the 
precipitate in each tube was counted for 100 seconds on the automatic 
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gamma counter (Wallac).set to 1251. 
1(f) Assay Optimization 
Serum protein interference: 
Serum proteins, expecially thyroxine -binding glubulin, are known 
to bind T4 strongly. This presents a potential problem in radio immuno 
assay of T4 in that these proteins compete with the antibody and so giving 
incorrectly high potencies. This problem is overcome in the present' 
method by: 
Use of a high pH inthe reaction mixture. Seth et al (1975) 
found that higher pH (up to 11.0) reduced interference from 
binding proteins without reducing. antibody binding. The pH 
of the assay buffer was 10.5. 
Addition'of AJS to inhibit T4-binding by serum proteins without 
significantly. inhibiting T4-binding by the antibody. Seth et al 
(1975) found maximum inhibition of interference was achieved by 
0.63pmol of A1S per tube in tests performed in Sodium phosphate 
buffer (pH 7.5). In the present assay in glyciñate buffer 
(pH 10.5) greatet inhibition of serum proteins was found at 
250Lg (= 0 .7911mol) of ANS/tube Osmond (1979). 	The .ANS/tracer 
solution was made up accordingly fol' each assay. 
(iii) The protein concentrations in the standards and the test samples 
were uniform by preparing the standards in T4-free serum. 
Under these conditions parallelism was achieved routinely between 
the dose response curve of the standard solutions and different 
dilution of control plasma. 
i( ) Sensitivity 
The sensitivity or detection limit, i.e. the hormone concentration to 
a level two standard deviates away from the zero standard fell within 
123 -. - 
the range 3.35 and 17.34 with a mean of 7.80. 
Specificity 
Seth et al (1975) tested the antiserum for cross reaction with a 
variety of iodinated compounds, including T3, and found that only 
Tetraiodothyroacetic acid was a potentially important interfering 
substance. However, this substance is found in negligible amounts 
in plasma (Burger et al 1974). Thus, it is unlikely that the present 
assay was affected. 
Comparison with independent assay method 
Values obtained in the present assay for 3 pooled human serum 
samples comparing them with the values obtained by Dr. J. Seth at 
the Department of Clinical Chemistry, Royal Infirmary, Edinburgh are 
giveh below. 
Present Assay 
Dr. J. Seth Assay 1 Assay 2 
High Pool 	36.2 - 	 55.4ng/ml 40.4ng,/ml 45.9ng/ml 
Medium Pool 	78.5 - 102.4 93.7 	" 100.1 	" 
Low Pool 	160.2 - 194.8 	" 167.0 	" - 
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SECTION 2: TRI IODO THYRONII'IE (T3) 
Principle 
Plasma T3 was measured according to the solid phase radioimmunoassay 
method of Seth et al (1976). The principle was the same as that for T4 
including the use of insolubilized antibody, incubation at high pH, 
addition of ANS and preparing the standards in T3-free serum. 
Materials 
The T3 antibody was raised in sheep and was coupled to cellulose 
following the same procedure as that used for T4 antibody. The assay 
buffer, wash solution and reaction tubes were the same as for T4 assay. 
Standards: The T3 stock standard was-.prepared by dissolving 
10mg T3 : 	in propylene glycol/water (1:1 by volume) 
adjusted to pH 9.0 with NaOH. Working standards were prepared 
by serial dilution of the stock solution in T3-free serum. 
Tracer: High specific activity 1251-3,3,5-tr5odo thyronine 
( '10ooci/ig) was used in all assays. 	Initially the tracer 
(10904Ci/g) was obtained from IEM Chemicals, Winchester, Hants. 
Subsequently it was changed to tracer ( 1 500 xCi/i19) from Radio 
Chemical Centre, Amersham. The latter was of higher activity, 
cheaper and more readily available. 
The .ANS/tracer solution was made byaddiiig 20 micro curies (Ci) 
of 1251-T3 to 400ml of a solution of MIS in glycinate buffer 
(500mg MIS in 400inl buffer), giving a final concentration of 
0.033 0.050 ng/ml of the tracer depending on the activity. 
This solution was stored at +4°C. 
Method 
2004 of MIS/tracer solution was dispensed into each assay tube 
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using the Compu-Pet automatic dispenser (General Diagnostics,N.J.). 
An aliquot (504) of either standard or test plasma was picked up and 
dispensed. into, each tube together with 5004 of solid coupled antibody 
from a stirred suspension in glycinate buffer. Thus the total volume 
in the incubation mixture was 7504 with the antibody in a final 
solution of 1:12000. 
Apart from the zero standard (T3 free serum), 9 other standards 
with concentrations of 0.25, 0.50, 0.75, 1.0, 1 .5, 2.0, 3.0, 6.0 and 
10.0 ng/ml respectively were used. Thus in the .incubation mixtures for 
the standards the amounts of T3 ranged from 0.015 to 0.20ng in 504 
T3 free serum. In addition each tube contained 0.01ng 
1251-T3 tracer 
and 250ig .ANS. The procedures for incubation, washing, centrifuga .ti
0n, 
decanting and counting were the same as with the T4 assay. 
Assay Optimization 
The description with regard to optimization of T4 assay applies 
to T3 as well. 
Sensitivii 
The hormone concentration corresponding to a level two standard 
deviates away from the zero standard was between 0.252 and0.561 ng/ml, 
in all assays, with a mean of 0.473 ng/ml. 
Specificity 
Seth et al (1976) noted a low cross_reactivity of the solid 
coupled T3 antibody with T4, the latter having a reactivity of 0.0003 
relative, to T3. Thus a level of T4 of 300 ng/ml in the test sample 
would add only 0.1 ng/ml to the T3 concentration. 
Comparison with independent assay method  
Three pooled human serum controls were supplied by Dr. J. Seth 
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Results from the two assays were as follows: 
- Present Assay 
Dr. J. Seth 	AsBay 1 	 Assay 2 
High Pool 	0.73ng/61 	0.99ng/ml 	1.07ng/ml 
Medium Pool 	1.35 " 	1.40 " 	1.42 " 
Low Pool 	2.35 It 	2.17 " 	2.21 " 
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SECTION 3: STATISTICAL ANALYSIS OF ASSAY DATA 
General 
Analysis was done using the RIA program package developed 
by the ABRO. The package comprises 4 programs which, when executed in 
sequence, operate directly on the output from the counting system to 
provide an analysis of the assay. 
After an initial screening of the input data, counts of the 
precipitate from each sample is corrected for background radio activity 
and expressed as a fraction of the binding by the zero standard. 
(B/B0 were B = the percentage of total counts bound by the test sample 
and B0 = the percentage of the total counts bound by the zero standard. 
Then, the logit function of B/B 0 is regressed on log10 of the concentration 
of the standard solutions to construct a standard curve. The potencies 
of the control and the unknown samples are calculated by relating their 
counts to the standard curve. 
In addition the package also provides the following information. 
* . 	An assessment of the within assay drift 
* 	The sensitivity or the minimum detectable dose 
* 	Test of linearity, of the standard curve 
* 	Test of parallelism between standard and control curves 
* 	Test of homogeneity of variance between replicates of the 
standards, and those of the unknowns 
Quality Control: Drift, linearity, parallelism, slope of dose 
response curve and the variation of the standards. 
Drift: By including a zero standard at different points 
throughout 
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the assay a plot of their counts can be obtained. This 'allows the 
easy visual assessment of any drift. In each of the present 
assays at least 4 zero standards were included for this purpose 
and on.no occasion was a significant systematic drift observed. 
Linearity of the standard curve and parallelism between the curves 
of the standard and the control samples were achieved in all 
assays. 
The slope of the standard curve (regression of logit Yon log X; 
where Y = B/BO and X = concentration of standard solution) was 
always within the acceptable range of -0.95 to -1.05. 
The following were the estimates of coefficient of variation for 
the zero and top standards. 
Mean 	 Mean 
C. V. (%) C.V. ,  (%) 
	
No. of Assays 	Zero std. 	 Top std. 
T4 	7 	 3.4 (range 2.4-7.5) 	4.3 (0.4- 1 3.) 
T3 	6 	- 	4.2 (range 1 .7-6 .9) 	3.1 (1.3-6.3) 
3(c) Quality.control: -Between and - within assay variation 
In each assay a sample -from a-pool of boi.ne plasma was run in 
duplicate at concentrations of 25%,  50% and 1000A. Thus 6 potency 
estimates were obtained for this sample in each assay. The estimates 
from all assays were subjected to eu analysis of variance from which the 
within and between assay variance components were estimated. 
Hormone No. of Assays per Assay 
Mean Potency 
ng/ml 
Coeff. of Variation % 
Within Assay Between Assay 
T4 7 6 33.8 4.5. 6.8 
T3 .5 6 0.953 7.2 11.1 
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APPENDIX II 
METHODS OF METABOLITE ASSAY 
1 	General 
-. 	The assay methods used for BEBA, Glucose, Urea, Total proteins and 
Albumin were all automated. They involved the use of autoanalyzers 
(Technicon) and Cororimetry. 	 / 
The common-principle applicable to all determinations was a specific 
chemical reaction involving the metabolite resulting in the production 
of a coloured compound. The intensity of the colour, which was 
proportional to the concentration of the metabolite in the test sample, 
was measured by a colorimeter. The latter was connected to a pen 
recorder which recorded the results as a tracing. Each peak of the 
tracing corresponded to the results from one sample. 
Methods 
The descriptioreof assay methods for individual metabolites are 
given in Section 3. In general, for each assay the appropriate reaction 
unit was set up. The samples were presented in imi. polystyrene cups. 
An aliquot of the sample was aspirated into the reaction system along 
with the required volumes of the different reagents. 
Only one measurement was made on each sample. 
Estimation of concentrations 
Each assay was begun by running two sets of standard solutions' 
with known concentrations of the particular metabolite. A further 
set of standards was included after the last test sample. For the 
standards the concentrations were chosen as to cover arange that would 
include the expected (based on those reported in literature) levels in 
the test samples. The peaks produced by the 3 sets of standards were 
f 
used to construct the standard curve for that particular assay. The 
concentrations of the test samples were estimated by comparing the 
peaks produced by them against the standard curve. 
Before running the standards the recording paper was allowed to 
run to a length of about 10cm. in order to establish a stable base line. 
After this two aliquots from the top standard were run through the system. 
The peaks produced by them were used to scale the recording paper. 
Before and after each assay the system was washed thoroughly by 
running deionised water for about 15 mm. Also the system was primed 
with the reagents for about 15 min. before starting a run. 
2 	Quality control 
Drift 
A sample of one of the standard solutions (usually the mid-ranking) 
was included at fixed points throughout the assay. This enabled the easy 
detection of any drift in the base line while the assay was in progress. 
Since the base line was drawn by standardising the heights of the peaks, 
produced by the standard solution placed at different points, drift was 
taken into account when estimating the values for the test samples. The 
base line, however, was never allowed to drift more than 59/6 from where it 
was at the start. If this happened the run was terminated and a new 
run started with the base line re-set and new batches of standards. 
Within and between assay variation 
A sample from a pool of bovine blood was included in each assay, 
one at-the beginning and the other at the end. Thus estimates for the 
same sample were obtained twice from one assay and also between assays. 
An analysis of variance on these estimates enabled the calculation of 















Hydroxybutyrate 8 0.448 mNol/L 0.0012 0.0032 8.0 12.6 
Glucose 5 4.85 mMol/L 0.0135 0.069 2.2 5.4 
Urea 5 3.97 mMol/L 0.0110 0.0370 26 4.9 
Total Protein 4 67.2 g/L .2.31 2.62 2.2 2.5 




The concentration of hydroxybutyrate was determined using the 
method of Zivin and Snarr (1973). 
Principle:-  
Hydroxybutyrate is converted to Acetoacetate in the presence of 
the enzyme 3-Hydroxybutyrate dehydrogenase. This process involves 
* 	the reduction of nicotinamide Dinucleotid.e (NAD). The reduced NAD 
is in turn oxidized by the enzyme Diaphorase in the presence of 
3-p-nitrophenyl-2-p-iodephenyl--57phenyl tetrazolinin chloride (INT). 
In the process IT itself is reduced to a Fonnazan which is red the 
intensity of which is measured by the Colorimeter and is proportional 
to the concentration of hydroxybutyrate in the sample. 
Reagents:- 
• 	Trizma buffer 	 12.1 g Trizma base (Sigma) 
12.4 g NaCl 
• 	 2.22 g semicarbuzude hydrochloride - 
3.50 g Na2 EDTA 
20 ml Triton X-100 
Dissolve the reagents in 600-800 ml deionised 
water, adjust pH to 9.0 with solid Trizma, 
make up to 1 litre. 	- 
3-Hydroxybutyrate 	Stock suspension 5 mg ml-1  (Boehringer) 
Dehydrogenase Dilute 0.2 nil stock to 20 ml with Trizma buffer 
Store at 4°C. 
Diaphorase 	 Lyophilised d.iaphorase (Sigma. Type 11-L) 
300 units (82 mg) dissolved in 12 ml deionised 
water, stored at -20°C 
1 ml is equivalent to 25 pm units. 
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• 	Diaphorase-NA]) 	 1 ml diluted diaphorase (25 PM units) 
- 0 .50 g NA]) (Sigma, grade .AA) 
• 	 . 0.045 g albumin-bovine 
Dilute to 60 ml with Trizma buffer.. Filter 
through whatman No. 1 filter paper, store 
at 40C in a brown bottle. 
INT 	 Dissolve 1.08 g 2-(p-lodophenyl)-3-(p-nitrophenyl) 
-5-phenyltebazolium chloride (Koch-Light) in 
one litre deionised water. Filter through 
whatman No. 1. 	Store at 4 0C. 
The method required the deproteinization of the samples, and this 
was carried out according to the method described by Somogyi (1952). 
One ml of well mixed standard solution or test plasma was dispensed 
into a 25 ml conical flask along, with 8 ml of. theácid Zinc Sulphate 
solution and 1 ml of 0.75  N sodium hydroxide solution. The mixture was 
shaken well and allowed to stand for five minutes; then filtered through 
a dry whatman No. 42 filter paper. The protein free filtrate thus 
obtained was used for the assay. 
Standards: - 
The stock standard solution was made by dissolving 3.21439DL-3-
Hydroxybutyric acid sodium salt in deiouised water and made uii  to 250 ml. 
Five working standard solutions having the concentrations of 0 
(deionised water), 0.5,  1.0, 2.0 and 5.0 mNol/litre were made by serial 
dilution of the stock standard solution. 
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2 	Glucose and Urea 
The method used was the one developed by Mr. E. Skedd. of Hill 
Farming Research Organisation, Edinburgh, by combining the method of 
Gutteridge and Wright (1968) for determination of glucose and that of 
Marsh, Pingerhut and Miller (1965) for urea. 
The results for the two metabolites were recorded separately. 
Principle:-  
Glucose : In this method glucose is oxidized in the presence of glucose 
oxidase to hydrogen peroxide. The latter is then allowed to 
react with guaiacum in the presence of peroxide to produce a 
blue compound which is passed through the Colorimeter. 
Urea : Urea reacts with Butradione Monoxime-Thiosemicarbazide 
mixture and acid reagent solution. The pink compound 
resulting from this reaction is passed through the 
Colorimeter. 
Reagents:- 
Acetate buffer pH 5.0. Add 9 ml glacial acetic acid to 10.5 ml 
40% sodium hydroxide and dilute to 1 litre check pH. 
Peroxidase 0.02% (Hughes & Hughes Enzymes, Ltd..). Dissolve 
100 mg peroxidase HZ 1.0 in 500 ml acetate buffer. 
() Glucose-oxidase (Hughes & Hughes Enzymes, Ltd.) 
Permcozyme 653 .N. 
(4) Ethanolic guaiacum 1.50/6. Shake 18 g guaiacum for 1 hr in 
1 litre of absolute ethanol. (18 g guaiacum will contain 
about 15 'g of ethanol soluble gu.aiacum). After filtration 
this will remain stable stored at 4°C in 'a brown bottle. 
1 35 
Glucose Colour Reagent 
Acetate buffer 	200 ml 
Peroxjdase solution 	50 ml 
Permcozyme 	 10 ml 
Ethanolic guaiacum 	50 ml 
TritonX - 100 	 5m1 
Make up to 500 ml with acetate buffer then add. 20 ml glycerol. 
The colour reagent becomes intensely blue on preparation. 
This colour soon fades and the reagent can be used within - 
several hours when it is a faint greenish brown in colour. 
(If the reagent is left in a 37 06 waterbath it will be more 
rapidly decolourised). It is prepared 12 - 24 hrs before use. 
0.90/6 Sodium Chloride 
Butadione monoxime. Dissolve 2.5 g butadione monoxime in 500 ml 
water, dilute to 1 litre. 	Store in a brown bottle. 
Thiosemicarbazide. Dissolve 5 g thiosemicarbazide in 500 ml 
water, dilute to 1 litre. Store in a brown bottle. 
Urea Nitrogen Colour Reagent 
Mix 67 ml butadione monoxime solution with 67 ml thiosemicarbazide 
solution, dilute to 1 litre with distilled. water. Add 0.5 ml 
Brij 35. 	Store in a brown bottle. 
(io) Ferric chloride - Phosphoric acid. Dissolve 15 g ferric 
chloride .6H20 in 50 ml distilled water, slowly, add 300 ml 
orthophosphoric acid, dilute to 450 ml. Store in a brown bottle. 
(ii) Sulphuric acid, 2() 0/6 
Urea Nitrogen Acid. To 1 litre 20 0/6 Sulphuric acid add 1 ml 
ferric chloride - Phosphoric acid. solution. 
Standard Diluent. Tranfer 0.2 g phenylmercuric acetate to a 
250 ml beaker and add 100 ml distilled water. Heat on a steam 
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bath until P.M dissolves. Allow to cool and transfer with 
distilled water rinses to a litre volumetric flask. Add 1.4-nil 
concentrated sulphuric acid, mIi and dilute to volume with 
distilled water. 	 - 
Standards:- 	 - 	 - 
Stock glucose standard: This was prepared by dissolving 18.016 g 
glucose in saturated benzoic acid solution and making up to 1 
litre with deionised water 
Stock urea standard: 6.006 g urea was dissolved in about 500 ml 
standard diluent and made up to 1 litre with standard diluent 
• Working standards: The respective stock standard solutions were 
diluted to give working standards of following concentrations 
Glucose : 2, 3, 4, 5 and 6 mMol/L 
Urea • : 1, 2 9 5, 10 and 15 mMo/L 
S 
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3 	Total Protein and Albumin 
The concentrations of total proteins and albumin were determined 
simultaneously using the method described by Collier (1970). The 
results were recorded separately. 
Principle:- 
Total protein: Total protein estimation uses biu.ret reagent to form 
a purple coloured complex of copper in alkaline 
solution. 	 - 
Albumin: 	The albumin determination uses Bromo Cresol Green (:BCG) 
dye binding technique in which the dye is bound to 
albumin at pH 3.8 to form a blue coloured complex. 
Reagents:- 
Stock Bromo Cresol Green (BeG) 
Dissolve 0.7 BCG, indicator grade, in 20 ml of 0.1N NaOH, and 
make-up to 100 ml with deionised water. 
Brij 35 
Dissolve 25-9 of Brij 35 in distilled water and make up to 100 ml. 
Buffered BCG 
Dissolve 10.2g trisodium citrate (2H 20), 13.7 g citric acid and 
0.2 g of sodium azide in distilled water; add 8 ml of stock BCG and 
2 ml of 25% Brij 35. Make to 2 L with distilled water and adjust pH 
to 3.8 if necessary. 
Biuret Solution - Solution A 	 - 
Dissolve 5.0 g potassium iodide and 8.0 g of NaOH in distilled 
water and make up to 1 litre. 
Solution B 
Dissolve 45 g potassium sodium tartrate, 15 g hydrated copper 
sulphate and 5 g of potassium iodide in 0.2N NaOH and make up to 1 litre. 
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Working Solution 
To 200 ml of solution B add. 800 ml of solution A and a drop 
of Brij 35. 
Biuret Blank Reagent 
Dissolve 9.0 g potassium sodium tartrate in alkaline iodide 
solution and make up to 1 litre. 
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ru 	Free Patty Acids 
The FFk concentrations were estimated by the method of Patterson 
(1963). 
Principle:- 
The principle involves the extraction of FFA from plasma using 
• 	organic solvents, evaporating the solution to dryness and titrating 
the precipitate re-dissolved in an indicator mixture. 
• 	By evaporating the extracted solution any volatile fatty acids 
and ketone bodies likely to interfere are excluded. Hydroxybutyrate, 
a ketone body that will remain in the precipitate will not interfere. 
Patterson (1963) found no significant effect of addition of BEBA at 
a concentration equivalent to 30 MM/Litre. 
Reagents:- 
extraction Mixture. This consists of 'a mixture of Propan-2-ol: 
n-Heptane: N Hydrochloric acid in the ratio 40:10:1 (v/v).. 
n-Heptane 
0.005 N Sodium Hydroxide 
Nile blue indicator. Dissolve 20 mg nile ble in 100 ml 
absolute ethanol. 
Indicator mixture. This consists of a mixture of absolute 
ethanol: 'Chloroform: nile blue indicator in the ratio of 
50:20:1 (v/v). 
Pa,lnij -tjc acid standard (i mM). Transfer 0.2565 g palmitic 
• 	 acid to a 1 litre volumetric flask, add n-Heptane and mix till 
acid dissolves. Make up to volume with n-Heptane. Store at 
• 	+4 0C. 
Procedure 
One ml test plasma was placed in a 30 ml stoppered bottle and 
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10 ml extraction mixture added. The mixture was shaken vigorously for 
1 minute on a shaker and allowed to stand for 5 minutes. Four ml 
distilled water and 6 ml n-Heptane were then added and shaken again 
for 2 minutes. 	(Approximately 82.5% of the N.E.F.A. fraction is 
extracted in this way). The upper layer separates rapidly and 
completely on standing. After 30-minutes a 5 ml aliquot is removed 
of the heptane layer in each bottle and evaporated to dryness in a 
25 ml conical flask by passing a stream of warm air. 
Control extractions (in triplicate) were also carried out at 
the same time, I ml water replacing the plasma sample in the above 
procedure. Standards (in triplicate) were also prepared following 
the control procedure but using bottles in which 1 ml of the palmitic 
acid standard has first been evaporated to dryness. Thus pure palmitic 
acid and plasma N.E.F.A. were extracted at the same time and under 
identical conditions. 
The residue was dissolved in 3 ml warm indicator mixture and 
titrated against a 0.005 N sodium hydroxide (NaOH) solution using a 
Conway micro-burette. The volume of NaOH to reach the blue to pink 
end point is noted. The concentration of FFA was estimated by relating 
the amount of NaOH for test solution to that of the standard solution 
after correcting for the blank and was expressed as iiEquiv/Lit. 
Concentration of FFA 	
T  
in test plasma 	
- x 1000 	j.iEquiv/Lit. = S-D 
where B, S and T refer to the volumes (in ,ii) of NaOH required to 
neutralise the blank, standard and the test solution respectively. 
Generation 
'Overall 	'' 













TO TL1 TL2 
1 34.3± 0 . 80  34.2', 34.8 34.3 33.6 33.3 34.5 33.5 1.0 2.9 
2 42.0+0.63 44.0 43.4 42.5 39.9 41.3 43.7 40.6 3.1 7.4 
3 42.2k 0.59 42.4 43.6 43.2 43.0 41.4 43.0 42.2 0.8 1.9 
4 40.9 	0.74' 42.4 42.4 40.8 42.9 36.2 42.4 39.6 2.8 6.8 
5 40.40..46 42.1 41.6 40.5 38.8 39.2 41.8 39.0 2.8 6.9 
6 41.9± 0.65 44.6 '43.4 41.0 40.1 39.5 44.0 39.8 4.2 10.0 
Pooleds.e.. 1.04 1.27 '1.60 1.19 1.09  










% overall mean Till TH2 TC TL1 TL2 
1 13.5 + 0.61 13.0 14.4 14.3 12.8 13.1 13.7 13.0 0.7 5.2 
2 18.4 ± 0.48 18.8 18.8 18.4 17.5 18.3 18.8 17.9 0.9 6.0 
- 	3 19.1 ± 0 .51 19.8 21.0 19.7 18.9 18.2 20.4 18.6 1.8 9.8 
4 18.9 ±0.52 18.9 19.7 202 18.7 17.0 19.3 17.8 1.5 2.1 
5 18.5 + 0.35 19.5 19.2 17.8 17.9 18.2 19.3 18.0 1.3 7.0 
6 19.0 +0.71 20.1 19.4 18.7 18.0 18.2 19.8 18.1 1.7 8.9 
Pooled s.e. 0.94 1.00 1.21 0.94 0.86 















TH2 	. TC TL1 TL2 
1 8.0 10.35 7.7 8.3 7.7 8.4 7.8 8.0 8.1 -0.1 
2 8.7 + 0.33 10.6 8.8 9.5 7.8 6.8 9.7 7.3 +2.4 27.5 
3 8.1 +0.3 1 7.3 7.8 7.9 .9.1 8.3 7.6 8.7 -1.1 
4 7.8+0.39 8.2 7.9 7.1 8.6 7.4 8.1 8.0 +0.1 1.3 
5 8.6 +0.24 9.2 9.1 8.3 8.9 7.4 9.1 8.1 +1.0 11.6 
6 8.1 +0.43 8.7, 8.5 8.0 7.8 7.5 8.8 7.7 +1.1 13.5 
Pooled s.e. 0.62 0.66 0.79 0.60 0.59 
Table A3. Generation - line least square means ± s.e. of maternal weight gain from day 0 to day 12 












% overall mean TH1 TH2 TC TL1 TL2 
O 7.12 ± 0.07 S 
1 7.6 + 0.07 7.80 7.97 , 	7.60 	. 7.65 7.33 7.88 7.49 0.39 5.0 
2 8.7 + 0.05 9.31 8.99 8.70 8.78 8.38 9.15 8.58 0.57 6.6 
3 9.7 	0.07 9.35 9.10 8.86 8.86 8.56 9.22 8.7 1 	.0.51 
5.6 
4 9.2 + 0.08 9.80 9.40 9.30 , 8.70 8.80 9.60 8.75 0.85 9.2 
5 8.8 ± 0.07 9.50 9.20 8.90 8.20 8.50 9-. 35 8.35 1.00 
11.4 
6 1  9.4 ± 0.07 9.90 9.70 9.30 8.80 9.00 9.80 8.90 0.90 , 	9.6 
Pooled s.e. 0.15 , 	0.19 0.24 0.15 , 	0.19 
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Table A4. Generation - line least square means s.e. of 3 week weight body weight (gin.) 
Generation 
HIGH (mi + TH2) 
2 CONTROL 
LOW (TL1 + TL2) 
L 
N . 	P N F N 	P 
1 8.15 7.77 7.68 7.32 7.84 	7.33 
2 9.71 8.64 .9.06 	. 8.34 8.64 	8.26 
3 	. 8.42 8.18 7.97 7.54 8.11. 	8.10 
4 8.03 7.56 8.17 7.82 7.63 	7.49 
5 8.81 8.43 8.75 8.40 8.57 	8.59 
Common s.e. 0.16 0.16 0.16 0.16 0.16 	0.16 
Table A5. 	Generation-line-sex least square means ± s.e. 
of the 3 week weights (g) of the 'high', the 











% overall mean TH1 T112 TC TL1 TL2 
1 19.2+0.12 18.4 18.2 18.8 19.9 20.6 18.3 20.3 -1.9 
2 .21.2 +0.10 21.3 22.1 20.9 20.7 20.9 21.7 20.8 +0.9 4.2 
3 19.6 + 0.11 192 19.4 19.7 19.4 20.2 19.3 19.8 -0.5 
4 19.8 ± 0.13 20.1 20.2 19.7 19.5 19.4 20.2 19.5 -i-0.7 3.5 
5 19.9 +0.12 20.7 20.7 19.6 20.0 19.4 20.7 19.7 +1.0 5.0 
6 20.3 + 0.13 21.0 20.8 20.2 19.4 19.5 20.9 19.4 +1.5. 7.4 
Pooled s.e. 0.21 0.25 . 	0.32 0.25 0.27 
Table A6. Generation- line line least square means ± s.e. of 6. week body weight (gm.) 
'Generation 
Overall 
Mean ± S.E. 




% Overall Mean TH1 TH2 TC TL1 TL2 HIGH LOW 
1 22.4 -,-O.1O 21.9 21.7 	. 21.8 23.3 23.2 21.80 23.20 -1.45 
2 .24.1 ± 0.11 24.1 24.9 24.2 23.5 23.8 24.50 23.60 +0.85 3.5 
3 •22.5 + 0.12 23.2 22.4 22.0 22.5 22.6 22.80 22.55  -1-0.25 1.1 
4 22.1 +0.13 22.3 22.2 22.0 21.3 22.8 22.35 22.15 +0.10 0.0 
5 21.8 ±0.10 22.8 21.5 21,4 .21.8 21.6 22.15 21.70 +0.35 1.6 
6 22.4 ±016 23-4. 22.2 22.1 22.2 21.9 22.80 22.10 +0.70 3.1 
Pooled s.e. 0.21 0.25 0.31 . 	0.23 0.25 
Table A7. Generation-line least square means ± s.e. of 9 wk. body weight (gm). 
Generation 
Overall 
Mean i S .E. 




% Overall Mean TH1 TH2 TO TL1 TL2 HIGH 	I LOW 
1 1.01 	+ .04. 0.941 0.957 1.010 1.120 1.020 0.969 1.070 -0.10 
2 - - - - -. - - - - 
3 0.92 + .04 0.939 1.039 0.892  0.893 0 .858 0.989 0.875 . 0.12 13.0 
4 0.83+ .04 0.923 0.758 0.751 0.819 0.884 0.840  0.851 -0.11 
5 1.27 + .05 1.440 1.530 1.092 1.241  1.050 1.480 1.140 0.34 26.7 
6 1.21 ± .05 1.370 1.400 1.090 1.110 1 .090 1 .390 1.100 0.29 23.9 
7 1.15 + .04 1.170 1.260 1.030 1.100 1.210 1.210 1.150 0.06 5.2 
Common s.e. 0.06 0.07 0.11 0.09 .0.07 
Table AS. Generation-line least. square means + s.e. of plasma T3 levels (ng/ml) 
Overall . 	. 	LINE 
Mean. MEAN MEAN 
Generatio±i Bleed ± s.e. TH1 Tfl2 TC TL1 TL2 HIGH LOW H-L 
(38) (36) (32) (36) (28) 
1 65.7 ±1.3 67.7 69.6 64.3 63.5 63.4 68.7 63.5 5.2 
5 
.2 64.2+1.2 68.9 08.8 62.9 59.6 60.9 68.9 60.2 8.7 
Common s.e. 2.65 2.65 . 	2.70 2.60 2.85 
(40) (40) (38) (6) (36) 
1 	59.7 ± 1.1 62.7 66.8 60.6 54.3 60.6 64.8 57.9 6.9 
6 : 
2 	60.9 ± 1.2 66.9 61.1 	. 56.6 53.4 60.6 64.0 57.0 7.0 
Common-s.e. 2.4 2.4 2.6 2.65 2.65 
Table A9. Generation-line least square means ± s.e. of plasma thoxthe (n/ml) 




Generation Bleed Male Female M-F 
(84) (86) 
1 66.8 + 1.9 64.5 + 1.8 2.3 
5 0 
2 65.9 + 1.9 ,62.6 +1.9 3.3 
(90) (100) 
1 62.7+ 1.8 59.1 ± 1.7 3.6 
6 
2 58.7 + 1.6 60.8 ± 1.5 -2.1 
Table AlO. Generation-sex least square 
means -i- s.e. of plasma thyroxine (ng/ml) 
at 5 weeks of age. 
C 
LINE 
Sex TH1 TH2 TC TL1 TL2 
M 29.6 27.0 27.0 28.1 27.8 
Body Wt. (g) 
F 25.8 23.2 23.5 22.7 22.8 
Overall 27.7 + 0.4 25.1 ± 0.4 25.3 + 0.4. 25.4 ± 0.4 25.3 ± 0.4 
N 17.6 18.4 15.4 13.5 17.0 
Gonadal Pat 
mg/rn body wt. F 17.9 16.2 13.5 10.5 11.9 
Overall 17.7 + 0.6 17.3 ±0.6 14.5 ±0.6 12.0 ± 0.6 14.4 ±0.6 
Table All. 'Least square means of body weights (g) and Gonadal fat 
















2615.75 Batch (B) 1 
Group (G) 1 0.158 1.41 5.58 2741 262.10 229.00 1497.35 
Sire/Group 7 0.080 0.92 5.70 2086 240.10 65.90 460.42 
Sex (S) 1 0.030. 1.40 2.51 2287 85.79 129.27 566.25 
Animal/ 
B,G,S 31 9.01.4 1.62 3.88 6565 232.50 238.20 360.60 
Time 11 0.983* 2.34 8.02* 26518* 89.67* 84.26 139.00 3(** 
Remainder 433 0.002 0.20 0.17 1640 5.69 18.57 16.88 
Table Al2. 	Mean squares. from analysis of variance of the metabolite data Phase I (12 bleed.$) 





BHBA GLUCOSE UREA 
FFA 
.tEajLit. 
TOTAL PN. ALBUMIN GLOBULIN 
rnl"IOL/Litre gm/Litre 
111 +405 +.10 +.02 -0.25 -01 -0.2 +1.1 -1.2 
112 +368 -.02 +.26 -0.33 +08 +0.9 +1.5 -2.3. 
113 +494 +.02 +.07 -0.46 -04 +3.2 -0.9 +4.6 
114 +341 -.07 7.05 +0 .30 -08 +1.8 . 	 -0.5 +2.8 
Li -254 0.00 - .36 +0.11 -05 -2.6 +0.2 -3.0 
L2 -324 +.03 +.ii +0.42 00 +1.4 +0.7 +0.3 
L3 -323 -.01 -.03 +0.36 +06 -2.4 -0.7 -1.9 
14. -202 -.04 -.05 -0.15 +06 -0.5 -1.2 +1.0 
Table A13. Least square constants of progeny groups for the different 






BEBA Glucose Urea FTA Total Pn. Albumin Globulin 
Batch (B) 1 0.483 4.'218* 9.758 657593*** 366.4 612 .7** 45.1 
'Group (G) 1 0 .329 0 .97 1 9.859 5651.8 458.8* -32.2 226.5 
Sire/Group 7 0.168 0.499 2 .532 14707 79.7 34.8 81.1 
Sex (s) 1 0.026 0.094 2.271 17035 165.5 248.3 575.7 
Animals/ 
•B,G,S 31 0.150 0.521 2.855 18942 78.8 78.3 107.2 
Time 5 1.292 0.063 6.208*** 20194 45.0* 68.2* 75.2* 	- 
Remainder 205 0.078 0.1712 0.305 5922 5.8 17.2 12.1 





BEBA GLUCOSE UREA 
FFA 
iEajLit. 
TOTAL PN. AILBDI'IIN GLOBULIN 
inNOL/Litre gm/Litre 
111 +405 +.08 +.33 -.12 00 +1.4 	- +0.9 +0.7 
112 +368 -.10 +.13 -.22 +11 +0.2 +0.6 -0.2 
113 +494 -.02 -.14. -.58 +15 +2.3 -0.8 +3.0 
114 +341 -.17 0.00 +.06 -04 +1.4 -0.6 +0.6 
Li -254 +.07 -.15 -.26 -07 -3 , 3 -0.6 -.27 
L2 -324 +.14 +.06 +.70 -04 +1.3 +1.0 +0.3 
L3 -323 -.10 +.02 +.21 -09 -2.3 -0.3 -1.3 
14 -202 +.05 -.23 +.24 -02 -1.1 -0,3 0.0 
Table A15 Least square constants for progeny groups for the different 





BHBA Glucose Urea YFA Total Pn. Albumin Globulin 
Batch (B) 1 0.162 31.008*** 0.966 395972* 383.20 567.54 39.96 
Group (G) 1 0.013 0.550 97.476* 986693* 446.77 90.49 343.45 
Sire/Group 7 0.045 0.845 15.40* 148099* 159.04 74.98 218.61 
Sex (s) 1 0.006 0.033 2 .507 6971 110.60 371.00 532.00 
Animal/ 
B,G,S 30 0.057 0.699 5.166 58557 108.68 134.77 131.92 
Time 6 1.445 8.040 22.36.6 1560748 138.36 91.67 86.10 
Remainder 213 0.016 p0.253 0.393 20591 4.44. 13.86 16.37 






BHBA GLUCOSE UREA 
FFA 
tEajLit. 
TOTAL PN. ALBUMIN GLOBULIN 
I"lNol/Litre gm/Litre 
Hi +405 0.00 +.09 1.10 +114 +0.4 +0.2 -1.4 
H2 +368 .02 +.24. -0.15 +040 -1.0 +1.4 -2.6 
+494 +.05 -.13 -0.58 +007 +3.0 -3.1 +4.1 
H4 +341 -.08 +.08 -0.12 +004 +2.9 -0.4 +4.4 
Li -254 +.04 -.33 -i-0.60 -055 -3.8 0.0 -3.4 
L2 -324 -.07 -.03 +0.88 -069 +1.3 +0.8 +0.3 
L3 -323 -.09 +.23 +0.23 -038 -2.0 +0.7 -0.7 
14 -202 +.03 .-.13 +0.22 -004 -1.0 +0.3 -0.2. 
Table A 17. Least square constants of progeny groups for the different 
metabolites for Phase III together with the ICC values of the sires. 
- 
-J 
